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I. INTRODUCTION 
"A certain man becwme very breathless and 
grew thin ••• when the cadaver was opened 
••• the heart ••• equalled the size of a 
large head ••• " 
The earliest recorded recognition of the association of heart 
disease and dyspnea is from a case cited by Ballonius and published by 
Theophilus Bonetus in the first edition of the Sepulchretum in 1679•SA 
In that same year is also noted what is probably the first clinical 
recognition of cardiac asthma, recorded by Thomas Willis. 212 
~atsoever therefore makes the blood to 
boyle, or raises it unto an effervesence, 
as violent motion of the body or minde, ex-
cess of extra cold or heat, the drinking of 
wine, venery, yea sometimes ~ere heat of the 
bed doth cause asthmatioal assaults to such 
as are predisposed." 
Full appreciation of the significance of these observations is heightened 
by the realization that the symptoms of heart disease aside from palpitation 
and thoracic pain or distress are associated not with the heart but with 
other organs secondarily affected by the failure of the heart, particularly 
the lungs. Dyspnea, it is now recognized, is often the earliest indication 
of cardiac malady and commonly causes more discomfort than all the other 
sympt~ms oombined?9 The earlier failure to appreciate the predominantly 
non-cardiac symrtomatology of cardiac disease helps to explain the halting 
progress of early cardiology. The first phase of development of a science 
is a descriptive period in which arbitrarily assigned terms are used which 
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are subsequently altered as deficiencies in terminology become evident 
in the second phase of classification. It thus becomes clear why failure 
to recognize the intimate relationship of respiratory symptomatology to 
cardiac disease retarded the early advances in the descriptive and classi-
ficatory phases of cardiology which were marked with much trial and more 
error. 
A. History of the term: 
176 Although de Senac in 1749 related asthma to some types of 
heart disease, even describing a case of aortic stenosis with cardiac 
asthma, it was James Hope97 in 1833 who first used the term cardiac asthma 
and who first clearly described this entit,y. 
"Asthma has been too much regarded as 
independent of disease of the heart. 
Long treatises have even been written 
upon it without ever mentioning disease 
of this organ as one of its causes. It 
is, therefore, necessar,y to dwell a little 
on this subject, not only for the purpose 
of showing the magnitude of the error, but 
of making the reader acquainted with all 
the habitudes and aspects of a complaint, 
which is perhaps the most distressing in 
the whole catalogue of human maladies." 
Hope's efforts to focus attention on this condition were only 
partially successful. In the generation following there was greater 
acceptance of the term, recognition of the condition and discussion of 
possible mechWlisms in the French and German writings than in contemporar,y 
English and American literature. Thus, in the German literature are the 
. 194 205 60 61 111 
wrl. tings of Traube, Welch, Fraenkel, Fraentzel and Krahl: among 
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the French workers are Huchard100 (who referred to it as acute pulmonary 
edema), Merklen~36 Lian;18Amblard6 and Vaquez!95 Yet within thirty years 
of Hope's work, an English writer, Stokes;86 has hardly a word on the 
mechanism of cardiac asthma209 and although he considered it a definite 
clinical entity, he described atypical cases!59 Not only Stokes but after 
him right up to the present day one notes that most of the foremost 
English works on the heart fail to consider this important subject~09 
Nor are the American writers less guilty of this sin of omission. 
Pratt!59 commenting on the paucity of attention paid this condition by 
writers working on the other side of the Atlantic, notes that Osler's 
Textbook of Medicine11~ does not use the term cardiac asthma and that in 
Osler and McCrae•s144A Principles and Practises of Medicine as late as 
1925 there is only a brief statement of the pulmonary features of angina 
pectoris which undoubtedly refers to the mixed form of angina pectoris 
and oardiao asthma. 
There is one notable exception to this trend of neglect of this 
syndrome, namely, Dr. James MacKenzie, Regius Professor of Physic at 
Cambridge. In a letter read by Dr. Gibson at a meeting of the British 
Medical Association in 1911, Sir Clifford Allbutt1 expressin~ his own and 
probably the prevailing opinion of his day refers to the "slovenly people 
who use terms without precision" singling out the term cardiac asthma as 
being a particularly reprehensible example. This attack provoked 
Dr. MacKenzii2fto answer: 
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"I have given a great deal of attention to 
the various forms of dyspnea in cardiac af-
fections, and there is one of the forms which 
I have described where the patient goes to 
sleep quietly, feeling fairly comfortable, 
and wakens up with a feeling of distress. 
He has to sit up and breathe in a heavy and 
laboured fashion for half an hour or more. 
The attack subsides, sometimes rapidly, and 
sometimes persisting in a milder form for 
many hours. 
"As I always consider the term asthma to 
mean laboured breathing, and more particularly 
that form characterized by periodic attacks 
of distressed breathing, I had little hesita-
tion in calling the attacks which I have just 
described cardiac asthma to distinguish this 
kind of breathing from other forms of cardiac 
dyspnea." 
In the succeeding issues of the British Medical Journal, MacKenzie 
carried on a brilliant defense of the term cardiac asthma against the argu-
mants of Allbutt and Gibson who preferred to limit the use of the term 
asthma to that primary disorder of the bronchial apparatus recognized as 
bronchial asthma. MacKenzie's arguments were based on clinical rather 
than nosological grounds. He ascribed the criticism of his opponents to 
a lack of familiarity with this condition which is more apt to be observed 
by the practising physician than the teaching physician. 124 He statedt 
"I have seen only a few cases during an attack, 
and these I saw when I was engaged in general 
practise, and was summoned in the middle of 
the night because of the patient's distress. 
The information derived from seeing these 
oases has enabled me to appreciate the condition 
in patients suffering from these attacks whom 
I have not actually_seen during an attack. 
"Sir Clifford Allbutt puts forward the sug-
gestion that it is possible he may never have 
seen such a case, and I am disposed to think 
that this is probably the reason why he dis-
agrees with the term cardiac asthma. I have 
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been talking to several physicians who support 
Sir Clifford Allbutt ••• and I have asked 
them if they have seen the attacks to which 
I refer, and they all admit that they had not 
seen them, and had assumed that as they had 
not seen them they did not exist. 
~en one reflects ••• that the attacks 
usually occur in the night, and (on) the 
fact that the teaching physician is not 
likely to be called out at night to see a 
breathless man, it is not surprising that 
many physicians have no experience of this 
and other forms of cardiac dyspnea." 
It is interesting to note that Allbutt must have been convinced, 
since four years later in his book Disease of the Arteries includin~ Angina 
2 Pectoris he presents one of the best descriptions of a severe attack of 
cardiac asthma. 
The Allbutt-MacKenzie controversy concerned more than terminology. 
It exposed a lack of recognition of this syndrome and of its importance 
as well as revealing the misconception that since asthma is not a cardiac 
affliction, it is not to be associated with affairs primarily of the heart 
or oirculation:59 Following MacKenzie's talented defense, an increasing 
number of English and American workers recognized the condition, emphasized 
its clinical significance, and discussed its probable mechanisms. Hirsch-
felder95 in 1918, G. Canby Robinson167 in 1927, Palmer and Whitel45 in 1929, 
126 • 204 McGinn and White in 1932, and Wel.Bs and Robb in 1933 are a few of 
the outstanding workers in this field. The contributions of many others 
not mentioned at this point will be considered in the discussion of the 
etiology and pathogenesis of this condition. 
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B. Definition and synonyms: 
It will be noted in tracing the term cardiac asthma through its 
fascinating history in the literature that while many synonyms are used, 
cardiac asthma is probably the preferred term to describe this condition 
in most instances, although in some oases use of a competing term is 
indicated. The condition to which the term cardiac asthma refers consists 
of distressing paroxysms of severe dyspnea more apt to occur in recumbency 
at night, especially in bedridden patients, or following exertion or excite-
ment. Wheezing respiration or bronchial spasm is usually associated with 
severe attacks. The most acceptable and frequently used synonym to describe 
this condition is paroxysmal nocturnal dyspnea which although indicating 
the suddenness of onset fails to note the bronchospasm associated with 
th i 1 t k w • d R 203 e typ ca a tao • ne1ss an obb suggest therefore that the term 
c'ardiac asthma be applied only to those oases of paroxysmal dyspnea which 
t/ 
exhibit wheezing or asthmatioal respiration. 
The term asthma is from the Greek and means short breath or pant-
ing; the word was used by the Greeks in ancient times to indicate gasping 
for breath as in one dying;4s It is for this reason that McGinn and Whi te126 
consider cardiac asthma the preferable term "for it is truly asthmatic in 
nature and it is fundamentally of cardiac origin." other less frequently 
used but inferior terms are pulmonary edema or acute pulmonary edema which 
refer more to a pathological state than a clinical entity. Furthermore, 
an attack of cardiac asthma may or may not progress to pulmonary edema; 
fortunately only a small percentage of attacks of cardiac asthma do so 
terminate. Cardiac dyspnea is a deficient term in that it fails to consider 
the paroxysmal nature of this disorder, the time element being significant 
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since cardiac asthma may develop in seconds or minutes whereas the usual 
case of cardiac dyspnea develops gradually, being preceded over a period 
of months or years by dyspneic episodes of gradually increasing severity. 
c. Significance of cardiac asthmat 
At the present time the general medical practitioner as well as 
the cardiologist is more cognizant of the significance of this syndrome. 
' 211 
In 1933 White and MCGinn noted that " ••• no more important condition 
is encountered or so often unrecognized ••• (and) the astonishing fact 
that so little attention has been paid by the English-speaking world either 
in practise or in writing (to this condition) • • • This is true not only 
of the medical profession at large but also of many cardiologists and even 
of some of the leaders." The patient suffering from cardiac asthma will 
testify as to its import; Langcope119 tells of a patient in whom cardiac 
asthma was associated with angina and who was driven by his great agony 
to cut his throat. Not only do these attacks disable a patient with an 
otherwise good circulatory state, but they ~y jeopardize the life of the 
patient if the attack proceeds to acute pulmonary edema, in which case the 
attack may terminate rapidly and fatally as the patient drowns in the 
copious frothy blood-tinged sputum which pours out of his nose and mouth. 
Additional significance is associated with the amenability211 
of this condition to treatment which emphasizes the importance of promptly 
116 
and correctly diagnosing an attack of cardiac asthma. Levine in express-
ing his views about current methods of pedagogy in American medical schools 
points out the importance of emphasizing the recognition of~hose disorders 
l 
l 
'· 
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which are remediable following early diagnosis and contrasts this with 
the often misplaced emphasis on the recognition of conditions for which 
no therapy is available. The latter practise permits a brilliant diag-
nosis, the former is more useful in oaring for the patient. Cardiac asthma 
is a~enable to treatment; the most salutary results are associated with 
prompt and adequate therapy which necessitates early diagnosis. Not only 
may the sequelae of right ventricular failure such as peripheral venous 
congestion, edema and ascites be delayed but the agony of sleepless nights 
marked by paroxysms of suffocation and fear of imminent death may be re-
lieved and the patient's lot made more tolerable. 
An appreciation of the significance of this condition may be 
heightened by the realization of the wide spectrum of heart disease which 
it subtends. It occurs in both valvular and non-valvular heart disease; 
it is associated with cardiac disease with an infectious etiology as luetic 
aortitis with regurgitation, with degenerative heart disease as coronary 
artery sclerosis and thrombosis. with heart disease secondary to essential 
hypertension. with mitral stenosis for which condition infectious and im-
munologioal causes have been postulated. Not only organic heart disease 
but even paroxysmal rapid heart action may induce an attack of cardiac 
asthma in a patient with no demonstrable organic cardiovascular disease. 
Any recital of the significance of this condition would be 
deficient without consideration of its effect on the patient's family, 
both mentally and physically. Because of repeated nocturnal attacks 
the patient becomes irritable and a threat to the stability of the household 
already jeopardized by the presence of a cardiac invalid. Not only the j 
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patient's but the family's sleep is disturbed. These victims, wife and 
ohildren, oan do no more than stand helplessly by to witness the agony of 
their breadwinner and repress the fear that this may be the terminal attaok. 
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II. SURVEY OF SERIES RECORDED IN THE LITERATURE 
Not many series of cases of cardiac asthma have been recorded 
in the literature since only a handful of investigators have been interested 
in this condition. A survey of these few series, however, reveals that 
the observations that have been accumulated and subjected to statistical 
analysis are based on a high percentage of personally observed cases. 
A. General statistical features: 
One of the early series is that of Pratt159 who analyzed 366 
cardiac cases seen in private practise and in which he himself recorded 
the anamnesis and performed the physical examination. Out of 313 cases 
of organic heart disease he collected 39 oases of cardiac asthma, an incidence 
of 12.4%. Of these 39 patients, two were cases of rheumatic heart disease 
(both with aortic insufficiency), one was a case of luetic aortitis, and 
the remaining 36 patients made up a group of oases of hypertensive heart 
disease, myocardial degeneration, or coronary artery disease. Patients in 
the latter group of predominantly degenerative conditions tend to fall into 
an older age group than the patients with rheumatic or syphilitic heart 
conditions, so that the age distribution of Pratt's series may not be char-
acteristic of cardiac asthma per ~· Being so heavily weighted by arterio-
sclerotic cases it is not surprising that the average age of the cardiac 
asthma patient in Pratt's series is in the sixties. 
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On the other hand~ in a series of 82 oases of cardiac asthma 
collected by Weiss and Robb;04 20% were oases of luetic heart disease 
so that the average age of patients in this series is lower; only 71% 
of the oases developed cardiac asthma after 40 years of age, whereas in 
Pratt's series 100% (see Table 1) developed it after this age. The 
average age serves more as an expression of the type of heart disease 
dominating the particular series than as a characterization of the age 
distribution of cardiac asthma~!!· The validity of this relationship 
is confirmed by the findings of Palmer and White145 whose series showed 
an age distribution more similar to Weiss and Robb's than to Pratt's series 
of oases and like Weiss and Robb's series contained a larger percentage 
of oases of non-degenerative heart disease, including conditions like 
luetic and rheumatic heart disease. Thus, in this series the average 
patient with cardiac asthma is in his sixties although there were oases 
ranging from 18 to 80 years of age (see Table 2). 
Out of a group of 3100 oases of organic heart disease, Palmer 
and White accumulated 250 oases of cardiac asthma, an incidence of 8%. 
The sex distribution of cardiac asthma in their series is almost identical 
to that of Pratt's series: Palmer and White (180 males, 70 females) ratio 
of 2.57:1, Pratt (28 males, 11 famales) ratio of 2.55:1. By dividing their 
cases into etiologic groups the incidence of cardiac asthma in a particular 
cardiac condition may be ascertained (see Table ;). Thus, the incidence 
of cardiac asthma in luetic heart disease in this series is 21.0% which 
agrees well with Pratt's figure of 20%. These figures are definitely higher 
than the figures for incidence of cardiac asthma in all types of heart 
disease: Pratt 12.4%, Palmer and White 8%. 
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AGE OF CARDIAC ASTHMA PATIENTS 
Table 1: from Pratt159 
Age in yrs. No. of cases 
1 to 40 0 
41 to 50 5 
51 to 60 9 
61 to 70 19 
71 to 80 5 
81 to 90 1 
Table 2: from Pa~as 
ani White 
Age in yrs. No. of cases 
llto20 1 
21 to 30 2 
31 to 40 11 
41 to 50 37 
51 w 60 102 
61 to 70 66 
71 to 80 31 
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Longcopell9 also noted the high incidence of cardiac asthma in 
syphilitic heart disease. Out of 63 patients with luetic aortitis with 
regurgitation there were 9 eases of cardiac asthma, an incidence of 14.3%, 
which is lower than the values obtained by Pratt or Palmer and White but 
still well in excess of the incidence of cardiac asthma in heart disease 
in general. Longcope noted that in 7 of the 9 cases of cardiac asthma 
it was the first cardiac symptom experienced. Nor is this peculiar to 
luetic heart disease; White and MoGinn211 state that in about one-half 
of all their oases of cardiac asthma it was the first symptom, coming on 
suddenly without warning, that is, with little or no dyspnea noted previously. 
1n a series of 100 cases of congestive heart failure collected 
211 
by White and McGinn there were 27 oases of cardiac asthma. These 100 
oases exhibiting congestive failure were part of a larger series of 400 
oases of organic heart disease, so that while 27% of the oases of congestive 
failure (pulmonary or systemic) showed cardiac asthma, only 6.75% of the 
cases of organic heart disease {with and without failure) did so. In this 
series the incidence of cardiac asthma in any particular type of heart 
disease (see Table 4) appears to be greater than in the series of Palmer 
145 
and White surveyed above. The reason for this is not obvious. The 
fact that the oases in this series were private patients suggests one 
explanation. It is conceivable, since private oases which are referred 
to the specialist, especially one of the leaders in cardiology, are apt 
to be more advanced and more severe oases of heart disease, that the inci-
dence of cardiac asthma in a series with a greater percentage of private 
patients would be higher than in a series of ambulatory out-patient depart-
ment oases. The most discrepant figure is that showing the incidence of 
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JllCIDENCE OF CARDIAC ASTHMA IN VARIOUS TYPE~ OF HEART DISEASE 
Table 3: from Palmer and Whitel45 
Type of Heart Disease No. of cases % with cardiac asthma 
Arteriosclerotic-hyper "1737 10.7 
tensive 
Pure hypertensive 251 il.3 
Pure arteriosclerotic 485 ?.63 
Rheumatic heart 768 2c2 
disease 
Luetic heart disease 161 21.,0 
Chronic nephritis 153 19.0 
Coronary occlusion 181 13.2 
Angina pectoris 459 9.0 
Auricular fibrillation 350 3.1 
Subacute bacterial 34 o.o 
endocarditis 
Congenital heart 38 o.o 
disease 
Thyroid heart disease 26 o.o 
Emphysema heart 16 o.o 
Table 4: from White and McGinn211 
Type of heart disease No. of cases % with cardiac asthma 
Hypertension 133 19.0 
Coronary thrombosis 60 5-.0 
Hypertension and cor- 23 35.0 
onary thrombosis 
Aortic stenosis 5' 21 14.0 
mitral disease c 
or i hypertension 
Aortic regurgitation s 17 12.0 
mitral disease c 
or s hypertension 
Both aortic stenosis & 2 50.0 
regurgitation 
Mitral stenosis 50 6.0 
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cardiac asthma in aortic regurgitation and stenosis to be 5~1o. Inasmuch as 
this group consisted of only 2 cases, the figure is not significant. 
B. Prognosis: 
Palmer and White145 analyzed their series of 250 cases of cardiac 
asthma for the prognostic significance of the associated cardiac disorder, 
the patient's sex and age, the interval between onset of cardiac symptoms 
to onset of cardiac asthma, the frequency of attacks, the quality of the 
heart sounds, the presence of gallop rhythm and pulsus alter.nans and certain 
electrocardiographic findings. 
Examination of the length of survival after onset of cardiac 
asthma in syphilitic heart disease indicates an early and fatal outcome, 
a prognosis which is even more serious than that of cardiac asthma in 
general (see Table 5). While not good, the prognosis in cardiac asthma 
is better in the arteriosclerotic and hypertensive groups. Not only is 
this condition more common among males (2.57:1) but the mortality (see 
Table 6) too is greater among males (1.4:1). Palmer and White were unable 
to ascribe prognostic significance to the age of the patient at which 
cardiac asthma occurred nor to the length of the interval between onset 
of symptoms and onset of cardiac asthma. 
The poor prognosis in cardiac asthma can best be appreciated by 
noting in this series that the average duration of life of the 170 patients 
who died is 1.4 years while those still living average 1.65 years from 
the onset of cardiac asthma. There are, however, two atypical cases with 
survival times of over 15 years following onset of cardiac asthma. It 
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Table 5: Length of survival (or to last report) after 
onset of cardiac asthma. From Palmer & Whitel45 
Associated cardiac disorder Total No. Survival 
no.of dead 6 months 6 months 
cases or less to 2yrs. 
Syphilitic heart disease 30 26 
Coronary occlusion 25 21 
Angina pectoris 43 31 
Series as a whole 250 170 59 69 
Living cases . 80 23 32 
Table 6: Sex distribution and relation to mortality in 
cardiac asthma. From Palmer & Whitel45 
Sex No. dead 
Males 132 
Females 38 
No. alive Total 
48 180 
32 70 
% dead 
13 
54 
Table 7: Relation of ~ge to survival after onset of 
cardiac asthma. From Palmer & Whi telL~~ 
Age No. of cases Survival time 
over 2 
years 
42 
25 
Perio up to 6 months over 6 months 
3rd decade 2 1 1 
4th decade 10 4 6 
5th decade 32 8 24 
6th decade. 91 23 68 
7th decade 62 17 45 
8th decade 29 6 23 
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was noted that very frequent, very long, or very severe attacks of cardiac 
asthma, the presence of well marked congestive failure, poor heart sounds 
and intraventricular and auriculoventricular block demonstrated by electro-
cardiograph all indicate a poor prognosis. The prognosis is grave in 
those cases showing gallop rhythm or pulsus alternans, especially the latter. 
126 
In 1932 McGinn and White published a follow-up report on the 
145 250 oases reported by Palmer and White three years previously. Of the 
original 250 cases, 92% were dead by the time of the follow-up report 
(see Table 8). These investigators also reported data on 22 new cases 
of cardiac asthma to supplement the original longer series. The longest 
duration of symptoms noted in the supplementary series, 2.3 years, confirms 
the position taken by MCGinn and White that the patient who lived 19 years 
after his first attack of cardiac asthma is an atypical case because in-
vestigation of this case revealed that the patient had suffered from 
rapid heart action. Thus, it was probably a "paroxysm of rapid heart 
. 126 
action (that) induced his original attack of card1ac asthma." 
Granting that exceptional or atypical cases occur, and allowing 
for variations in the limits arbitrarily chosen to describe prognosis in 
cardiac asthma, the average duration of life from onset of cardiac asthma 
126 
to death is about 2 years, or 1 in 4 oases dies within six months. 
It is evident that the onset of cardiac asthma is an ominous sign. 
There are two conditions which must be considered to avoid undue 
optimism o~ pessimissm in estimating the prognosis of a given case. Not 
infrequently with the onset of right-sided failure the attacks of cardiac 
- l4A-
Table 8: Mortality FigureR in a three year follow-up series (1929-32). 
Item 
no. dead 
no. living 
% dead 
average duration 
of life from 
onset of cardia 
asthma t.o death 
longest duration 
of symptoms to 
date 
riginal report 
almer & White145 
170 
80 
68% 
1.4 years 
15 years 
Follow-up report126 McGinn and White 
· Twenty-tw£ 
new cases 26 
230 12 
20 10 
92% 54% 
1.7 yeare 1.6 years 
19 years 
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asthma may disappear, yet too facile optimism is not warranted since the 
attacks will recur when the peripheral circulation normalizes. Even 
though clinically there may be decreased respiratory symptomatology, it 
is specious optimism ~o invest right and left heart failure with a more 
favorable prognosis than that granted lett heart failure. The peripheral 
congestion and edema of right heart failure is less feared by the patient 
than the noctur.nal bouts of suffocation associated with isolated left 
ventricular failure, but the prognosis, if anything, worsens as the load 
from the deficient left ventricle is transmitted to and induces failure 
in the right heart. 
The second consideration which affects prognosis in a specific 
case concerns the degree of bronchospasm associated with the attack. 
Weiss and Robb204 hold that the presence of pronounced spasm of the 
bronchial musculature during an attack offers a better progncs~s. Since 
there is pulmonary abnormality in eases of left ventricular disturbances. 
it is understandable that these patients not infrequently develop asthma 
upon falling prey to a respiratory infection, the asthma tending to dis-
appear with the termination of the infection. With this in mind, it 
becomes evident that in a patient with left ventricular failure who is 
suffering from a bronchial infection, and who shows a predisposition to 
bronchospasm, even lesser grades of circulatory impairment may precipitate 
a seizure. Thus, the prognosis in such a case may be more favorable than 
the frequency or severity of the attacks would indicate. 
Two types of heart disease associated with attacks of cardiac 
asthma are worthy of further consideration: one, luetic aortitis with 
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aortic regurgitation indicates a grave prognosis, the other, mit:t-al stenosis, 
on the contrary bespeak:s·a more.favorable prognosis. 
Keefer and Resnick106 point out that in oases reported by Huchard, 
Dieulafoy and Lamb whenever cardiac asthma occurs in luetic heart disease, 
aortic insufficiency complicates the simple luetic aortitis, excluding 
hYPertension or aneurysm of the root of the arch of the aorta. Thus, 
Longcope•s119 series of 9 cases of cardiac asthma were all oases of luetic 
aortitis with aortic insufficiency, whereas none of Hubert•s106 118 cases 
of uncomplicated or simple luetic aortitis suffered from cardiac asthma. 
Excluding aneurysm of the root of the arch of the aorta, which may mechan-
ically compress the trachea or possibly the recurrent laryngeal nerve, 
and hypertension, which can strain the left ventricle, an attack of cardiac 
asthma in syphilitic heart disease results from myocardial insufficiency 
secondary to aortitis with regurgitation and not from simple aortitis alone. 
Th. 1 1 1 i ha ti · ifi Palmer and WhJ.·tel45 J.S va vu ar es on s prognos c sJ.gn canoe. 
report that the commonest valve lesion in their 250 cases of cardiac asthma 
is aortic regurgitation. Of the 63 patients with this lesion, 49 patients 
or 78% died, which indicates a poorer prognosis for this condition than for 
the series as a whole wherein 170 died (68.%) out of 250 cases of cardiac 
asthma. The valve lesion may be an important factor in explaining the 
poorer prognosis of cardiac asthma in luetic heart disease. 
Mitral stenosis, an the other hand, indicates a more favorable 
prognosis than the other disorders associated with cardiac asthma. 
127 MCGinn and White reported a series of 20 cases of mitral stenosis wherein 
one half of the series had uncomplicated mitral stenosis while the other 
ten cases had a coexisting aortic lesion or hypertension. A comparison 
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of these two groups of patients with each other and with a group of cardiac 
asthma patients in general reveals some interesting differences in the 
type of dyspneic attacks, the age of onset, the prognosis. and the response 
to therapy. 
Only 5 of the 10 uncomplicated cases of mitral stenosis showed 
typical cardiac asthma, the other 5 experienced attacks which were similar 
but which the authors characterized as severe paroxysmal attacks of 
- dyspnea but without a clear history of wheezing. On the other hand, all 
10 of the group with mitral stenosis complicated by aortic lesions or 
hypertension showed typical attacks of cardiac asthma. 
The average age at onset of atypical cardiac asthma in oases 
of mitral stenosis is less than that of the control series of oases with 
cardiac asthma not associated with mitral stenosis, 26 and 58 years 
respectively. The mitral stenosis oases complicated by aortic lesions 
or hypertension have an average age at onset of attacks of cardiac asthma 
of 47 years which is earlier than the control group but later than the 
uncomplicated mitral stenosis group (see Table 9). Although the symptoms 
appear earlier in simple mitral stenosis, the average duration from onset 
of attacks to time of death is 3·9 years in this condition. This compares 
favorably with 1.9 years in mitral stenosis with an aortic lesion or hyper-
tension and with 1.6 years in oases of cardiac asthma in general. The 
'· above f•cts as well as additional material on sex distribution, precipitating 
factors and associated clinical features are summarized in Table 9: the 
latter material while not pertinent to the present discussion will be 
referred to in the following section on the etiology and pathogenesis of 
cardiac asthma • 
.. 
toa 17A -
Table 9: Cardiac asthma in mitral stenosis. 
Average age 
at onset of 
dyspneic 
attacks 
Average dur-
ation in yrs 
from onset 
of attacks 
to death 
Average age 
at last re-
port or Eit 
death 
character 
of dyspneic 
attacks 
Sex distrib 
ution: male 
female 
ratio m:f 
Attacks pre-
cipitated by 
exertion: 
paroxys-
mal tacny: 
cardia: 
Frank hemopt 
sis 
Frothy sput 
Associated c 
angina 
Auricu.lar 
fibril..., 
lation 
History of 
rheumatic 
f'ava11' 
· Twenty cases of mitral stenosis 
Ten cases of 
uncomplicated 
mitra.l stenosis 
26 years 
3.9 years 
31.3 years 
cases: cardiac 
asthma 
cases : paroxys 
mal dyspneic 
attacks with 
hemoptysis 
or pink spu-
tum but with-
out wheezing 
6 cases 
4 cases 
1.~:1 
80% 
50% 
7 cases 
7 cases 
0 
3 cases 
7 cases 
en cases of mitral 
tenosis with co-
xisting aortic les-
on or hypertension 
47 years 
1.9 years 
50 years 
all 10 cases had 
cardiac asthma 
showing not 
hemoptysis but 
frothy sputum 
7 cases 
3 cases 
2.3:1 
70% 
10% 
1 cases 
6 cases 
4 cases 
3 cases 
6 cases 
From McGinn and Whitel27 
·control series 
260 cases of cardiac 
asthma of all etiolo-
gies except mitral 
stenosis 
58 years 
1.6 years 
59.6 years 
260 cases with cardiac 
asthma 
196 cases 
64 cases ).1:1 
80% 
0 
50 cases 
70 cases 
44 cases 
29 cases 
11 cases 
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Suffice it to say that the oases of uncomplicated mitral stenosis 
show the onset of cardiac asthma at an earlier age and have a more favorable 
prognosis than either oases of mitral stenosis complicated by aortic lesions 
or hypertension,or oases of cardiac asthma in general (not associated 
with mitral stenosis). In these two latter groups cardiac asthma is a 
more terminal occurrence. The response of the attacks of cardiac asthma 
to therapy, however, is poorer in the uncomplicated mitral stenosis oases 
inasmuch as the ventricular failure of the other groups is more amenable 
to treatment by digitalis and diuretics than is the valvular lesion of 
the mitral stenosis group. 
c. Causes of death: 
McGinn and White126 were able to determine the causes of death 
in 34 oases (see Table 10); the three most common terminal events were 
congestive failure, cerebral hemorrhage and nephritis which together accounted 
for about 7o% of the deaths. Admitting that the samll number of cases 
for which cause of death was determined prevents significant generalizations 
from being drawn, it is interesting to note that only 4 cases who "died 
suddenly" may have died in an attack of cardiac asthma, although McGinn 
126 
and White state: "It is believed that none of these patients died in 
an attack of cardiac asthma." Out of 13 patients from Palmer and White'sl45 
series who were examined at autopsy, 10 showed evidence of coronary thrombosis 
or varying degrees of coronary sclerosis. These two reports grant validity 
to the view that cardiac asthma is predominantly associated with the arterio-
sclerotic -- hypertensive -- coronary artery disease group. Confirmatory 
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Table 10: Causes of death in cardiac asthma patients 
from McGinn and Whitel26 
No. 
cause of cases % 
Congestive failure 13 38.1 
Cerebral hemorrhage 7 20.6 
Nephritis 4 11.8 
Coronary occlusion 3 8.8 
Post-operatively 2 5.9 
General infection 1 ).0 
"Died suddenlY" 4 11.8 
Total 34 100% 
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evidence is presented by the report of McGinn and White126 that the most 
common findings at autopsy were those of cardiac enlargement with hyper-
trophy of the left ventricle and dilatation of all the cardiac cavities. 
• 
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III. ANATOMY AND PHYSIOLOGY OF RESPIRATION 
Although the history of cardiac asthma is a fascinating one, 
even a cursory perusal of the literature to ascertain the mechanisms in-
volved reveals a bewildering accumulation of clinical and experimental 
material which conceals more than it exposes to the uninitiated observer, 
unless the arguments presented by the proponent of a particular theory 
are carefully evaluated with respect to their adherence to the fundamental 
principles of the anatomy and physiology of the respiratory and cardio• 
vascular systems. The field of pulmonary hemodynamics is by no means a 
closed one, yet the knowledge in this field that has been accumulated, 
limited to be sure, must serve as a frame of reference in considering the 
probable mechanisms of cardiac asthma else there be less fact than fury 
to support the proponent's position. Therefore, before proceeding to a 
comparative evaluation of the contesting views presented in the literature 
to explain the etiology and pathogenesis of cardiae astruma, two preparatory 
· steps are indicated and will be followed. First, the normal anatomy and 
physiology of respiration will be presented with emphasis on the special 
features of pulmonary ventilation and pulmonary circulation pertinent to 
the topic of this paper. Second, proceeding to the major symptom of ab-
normal ventilation, dyspnea in general and cardiae dyspnea in particular 
will be discussed. By extracting the basic mechanisms involved in the 
various clinical types of cardiac dyspnea, an_understanding of the path-
ological physiology of cardiac dyspnea may be secured which will then 
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permit a critical evaluation of the mechanisms postulated in the literature 
to explain cardiac asthma and expedite the selection of that particular 
concept of the etiology and pathogenesis of cardiac asthma which most 
accurately describes and plausibly explains the condition. 
A. Anatomy and physiology of the respiratory center: 
The structure primarily concerned with the initiation and inte-
gration of respiratory activity is the respiratory center; the lungs 
themselves are passively inflated and deflated in the process of pulmonary 
ventilation. The respiratory center consists of a bilateral collection 
qf neurone~ situated between the upper border of the pons and the lower 
third of the medulla in the reticular formation of the brain stem. There 
is believed to be an apneustic or inspiratory portion of the respiratory 
center at the level of the striae acoustioae overlying the cephalic four-
fifths of the inferior olive and an expiratory portion located dorsal 
and slightly anterior to the cephalic end of the inspiratory center. 
A third portion of the respiratory center. the pneumotaxic center, is 
situated in the upper part of the pons. The respiratory center makes 
connection with the motor neurones of the phrenic and intercostal nerves 
(Ca3,4,5; Th:2-6) to innervate the associated musculature. 
In the absence of inhibitory impulses, the inspiratory center 
discharges and initiates inspiration which continues until the impulses 
from the stretch receptors of the distended lungs proceeding through 
afferent vagal fibers to the expiratory center stimulate the expiratory 
center to inhibit the inspiratory center. The pneumotaxic center receives 
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its afferent impulses from the inspiratory center so that by accumulating 
impulses its efferents to the expiratory center can augment the vagal 
innervation of the expiratory center. The vagal afferents from the lungs 
augmented by the pneumotaxic center fires the expiratory oenter which 
inhibits the inspiratory center so that inspiration terminates. It is 
generally believed that in man inspiration is dominant and uses muscular 
activity while expiration is passive and mediated by the elastic stretch 
178 
of the distended thoracic cage. Sbarpey-Schafer doubts that expira-
tion is a passive act and believes it is always associated with muscular 
activity. He is disinclined to accept the generally accepted view that 
there is spontaneous rhythmic activity of the respiratory center (not the 
pneumotaxic portion) in the discharge of impulses to the respiratory muscles 
believing that experimental methods have not taken into account afferent 
impulses from all the peripheral musculature including the respiratory 
muscles. In any event, whether the respiratory center is spontaneously 
rhythmic and only secondarily altered by chemical and afferent nerve 
impulse changes64 or that the rhythmicity is secondary, being induced by 
afferent impulses to the respiratory center;78 there are many afferent 
pathways over which impulses may proceed to alter the activity of the 
respiratory center. 
The afferents which modify the activity of the respiratory center 
may arise in the motor area of the cerebral cortex; this is the pathway 
for voluntary control of respiration as in holding one's breath. Impulses 
arising in the higher cerebral centers may affect respiration profoundly as 
a result of various emotional or mental states, as in fear, grief. or excite-
ment. 
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In addition to voluntary and emotional influences there are 
various reflexes which modify respiration. The Hering-Breuer reflex is 
mediated through the afferent fibers of the pulmonary branches of the 
vagus and is initiated by distention of the lungs which stimulates the 
vagal·receptors therein. The carotid sinus and aortic arch reflexes may 
also influence respiration. The pressoreceptors in the walls of these 
structures may be shown experimentally to influence respiration~3 but 
under physiologic conditions in mammals these do not seem to serve any 
respiratory functio~; the chemoreceptors of the carotid and aortic bodies, 
however, are stimulated by oxygen lack and in conditions of anoxia increase 
the rate and depth of breathing. Not under normal conditions but in 
emergencies of anoxic states, wherein depression and ultimate failure of 
the respiratory center obtains due to continued oxygen lack, the chemo-
reflex mechanism, being more resistant to anoxia, retains its viability 
and continues to exert its influence upon the respiratory center which 
would otherwise be unresponsive to the body's emergenc~3 
Other afferent nerve stimulation may bring about a reflex change 
in respiration: pain fiber stimulation, excitation of cutaneous fibers 
by extremes of heat or cold, and proprioceptive impulses from the active 
muscles. Proprioceptive impulses from the diaphragm and other respira-
tory muscles during one phase of respiration exert an important influence 
upon the succeeding movement. Stimulation of the abdominal viscera during 
surgical operation or as a result of disease may affect respiration. 
Other reflex paths involve the glasaopharyngeal nerve which inhibits 
respiration during the second phase of deglutition, the nasal branches 
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of the trigeminal nerve which are concerned with sneezing and the afferents 
of the trachea and larynx involved in reflex coughing. 
139 32 Moore and Binger and Churchill and Cope indicated another 
reflex affecting the activity of the respiratory center whereby pulmonary 
congestion and edema by stimulation of nerve endings in the lung produce 
rapid and shallow breathing. That stimulation of other si te.s may have 
similar effects was indicated by Harrison. Harrison and Marsh85 who pro-
duced the same increase in respiration and ventilation by increasing the 
venous pressure by rapid intravenous transfusions and by a distended 
balloon in the right auricle. 
Physiologically there exists a dual control of respiration; 
besides the nervous control outlined above. the respiratory center is 
controlled chemically by the blood gases (carbon dioxide, oxygen) and 
reaction (pH; acid metabolites). Under ordinary physiological conditions 
the chemical control of respiration is carried out through the action 
of carbon dioxide on the respiratory center~7 Haldane and Priestley7l 
found in man that a Ot.2% rise of carbon dioxide:in the alveolar air 
(an increase of 1.5 mm. Hg pressure) was sufficient to double the pul-
monary ventilation. The ohemoreoeptors of the carotid and aortic bodies 
are relatively insensitive to the action of carbon dioxide. On the other 
hand. whereas these latter structures are stimulated by anoxia. the 
respiratory center is depressed. A shift towards a more acid pH of the 
blood due to an accumulation of acid metabolites resulting from increased 
catabolism is not believed to exert its effect on respiration by direct 
. action of the fixed acids an the respiratory center. The center_. it is 
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believed, is less sensitive to a rise in hydrogen ion concentration due 
to such acids than the chemoreceptors, so that the hyperpnea of diabetic 
and other types of acidosis is probably of chemoreceptor origin:7 
B. Special features of the pulmonary circulationt 
Pressure and volume alterations in the pulmonary circulation 
show significant differences from those of the systemic circulation. 
The vessels of the lung are highly distensible so that their capacity 
is affected by changes in intrathoracic pressure incident to the respira-
tory movements and also by alterations in the minute volume of the right-
ventricle in relation to the resistance offered by the left side of the 
heart. Because of the distensibility of the pulmonary vascular bed, due 
mainly to the opening up of fresh capillaries, variations in the quantity 
of blood contained within the lungs are accompanied by little or no 
change in pressure. Ordinarily the lungs hold about 9% of the total 
blood volume during inspiration and 6% during expiration; under certain 
conditions the quantity of blood in the pulmonary vessels may increase 
to 20% or more of the total blood volume. Increased resistance to the 
flow of blood in the pulmonary veins, as in mitral stenosis or as a result 
of failure of the left ventricle, raises the pressure in the pulmonary 
system. With engorgement of the lung vessels the distended capillaries 
encroach upon the air spaces and the vital capacity is therefore reduced 
in these conditions~ 7 
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The effects of respiratory activi~ upon the pulmonary blood 
pressure must also be considered. The pulmonary arterial pressure falls 
during ordinary inspiration and rises during expiration. One might ex-
pect that as a result of the increased flow of blood into the right vent-
ricle during inspiration and the greater systolic discharge, the pulmonary 
pressure would rise during inspiration. Because of the traction exerted 
upon the circumference of the pulmonary vessels by the surrounding lung 
tissue, the capacity of the vessels is increased. This more than compen-
sates for the greater amount of blood entering the pulmonary circuit during 
inspiration. During expiration these effects are reversed; the right 
systolic pressure is less but the capacity of the pulmonary vascular bed 
is reduced at the same time so that an upward swing of pulmonary arterial 
pressure occurs!7 
~, Although Best and Ta.ylor17 consider the innervation of the pul• 
. 't 
monary vessels of little physiologic importance, not recognizing any need 
for vasomotor control of the pulmonary circulation, many workers concerned 
with the experimental production of pulmonary edema (a. condition to which 
an attack of cardiac asthma. may progress) hypothesize vasomotor control 
of the pulmonary vessels by the autonomic nervous system, probably both 
the sympathetic and parasympathetic divisions being involved?0 The experi-
mental evidence to date is not conclusive; one investigator73 working 
with cats and rabbits speaks for sympathetic vasoconstriction, another113 
employing rabbits and dogs suggests parasympathetic vasomotor control of 
the pulmonary vessles,while still a thir~7indioates that both divisions 
of the autonomic nervous system may induce pulmonary vasoconstriction. 
, 
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Part of the difficulty may be associated with the use of different 
species of laboratory animals; some clarification of results may be obtained 
by utilizing comparative doses of pharmacologic agents in stimulating or 
blocking either one of the two portions of the autonomic nervous system. 
Thus Daley and Euler37 obtained evidence that in the dog adrenaline causes 
constriction of the pulmonary vessles, except in high dilution when it 
causes vasodilatation. Notwithstanding Best and Taylor's inclination to 
discount the physiological importance of the nervous control of pulmonary 
vascular tone for a somewhat teleological reason: "Indeed, the need of 
vasomotor control of the pulmonary circulation is not evident,~l7 if 
considers the anatomical evidence of Miller~38 Karsner~05 Larsellll5 
one 
and 
Rasmussen162 demonstrating that nervous pathways in the lung do exist 
and are available for pulmonary vasoconstrictor reflexes, one cannot dis-
credit, without more evidence than is now available, the opinion of Daly36 
and Henneman?0 These workers feel that although a complete understanding 
of the nervous mechanisms controlling the pulmonary vascular bed is still 
lacking, nevertheless, workers who have analyzed available data generally 
agree that such control exists. Nor need the study of autonomic vasomotor 
control of pulmonary vessels be as sterile a pursuit as Best and Taylor 
indicate; tied up with vasomotor activity is the related field of capillary 
permeability which is intimately associated with pulmonary edema. 
Heidenhain and Klemensieviez89 have offered experimental evidence of 
vasomotor control of permeability. 
In the pulmonary vasomotor reflexes described above, the pul-
monary vessels are the site of termination of the efferent limb of the 
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reflex arc; in the pulmonary cardiovascular and respiratory reflexes, 
the pulmonary vessels are the site of origin of the afferent limb of the 
reflex are. In addition to the rapid shallow breathing resulting from 
pulmonary congestion and edema (Churchill-Cope reflex32 noted above), 
stimulation of the afferent nerve endings in the lung parenchyma about 
the pulmonary vessels also causes a slowing of heart rate and a fall in 
systemic.blood pressure: the pulmonary cardiac and the pulmonary vascular 
146 
reflexes of Parin. These pulmonary hemodynamic reflexes, he believes, 
serve to protect the weaker muscles of the right h~art:against·overwork by 
decreasing cardiac rate, by peripheral vasodilatation (fall in systemic 
blood pressure) and by an increase in the capacity of the blood reser-
voirs, which may also function to prevent pulmonary edema. Similar results 
were obtained by Daly, Ludany and Todd38 and Jesser and de Takats;01 the 
latter group making the additional observation that powerful bronchocon-
striction produced by pulmonary embolism could be abolished by bilateral 
vagal section and often by adequate doses of atropine. Thus the pulmonary 
hemodynamic reflexes may include bronchial as well as cardiac, vascular 
and respiratory efferent limbs. 
174 38 Best and Taylor summarize the work of Schwiegk and Daly et a1 
which provided the evidence for the existence of proprioceptors in the 
pulmonary vascular bed: 
"The latter perfused the pulmonary and the 
systemic vessels separately with oxygenated 
blood. Increased pressure in the pulmonary 
circuit caused a slight fall in systemic 
arterial pressure and an increase or a de-
crease in the heart rate. The fall in sys-
temic blood pressure was more readily pro-
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ducesi/~y raising the pressure in the pulmonary 
veifi.s'; as may :t'ollow obstructing the out:rlow 
from the left auricle. The effect is purely 
reflex in character, for it is abolished by 
section of the vagosympathetic nerves. A 
reflex o:r this character may play some part 
in the fall of systemic blood pressure which 
occurs in le:rt ventricular :railure and in 
pulmonary embolism." 
A survey of the special features of the pulmonary circulation 
would be incomplete without a reference to experimental evidence indicating 
that the lungs may possibly function as physiological blood reservoirs. 
Glaser and McMichael65 found in normal subjects that the withdrawal of 
380 eo. of blood by venesection resulted in an increase in vital capacity 
a~eraging 153 co. with an increase in 181 cc. in total capacit.y of the 
lungs. The changes in capacity of the lungs (lung capacity is sum of 
~lumes of residual air and vital capacity) probably reflect corresponding 
changes in the volume of the blood·in the lungs, hence their suggestion 
that the lungs may function as blood reservoirs. 
c. Special features of the external phase of respiration: 
The discussion of respiration to this point has included a sum-
mary of the anatomy and physiology of the respiratory center, a review 
of those physiological processes whereby nervous and chemical control 
of the respiratory center is accomplished and finally, some special 
features of the pulmonary circulation were noted. Any discussion of the 
physiology of respiration, however, must consider not only those processes 
which mediate and influence the transport and exchange of respiratory 
gases within the organism, the internal respiration, but also those mechanisms 
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mediating the gaseous interchange between the atmosphere and the air in 
the lungs and between the latter and the blood in the pulmonary capillaries, 
these comprising the external phase of respiration. The following discussion 
will be limited to those special features of pulmonary ventilation pertinent 
to the basic mechanisms of cardiac dyspnea in general and cardiac asthma 
in particular. This will include a survey of the pressure and volume 
changes encountered in pulmonary ventilation, the changes in gaseous inter-
change between the alveolar air and blood in the pulmonary vessels induced 
by edema fluid in the alveoli and finally, some secondary effects of altered 
pulmonary ventilation. 
The rhythmically alternating variations in lung volume constitute 
the inspiratory and expiratory phases of respiration and are the direct 
result of corresponding changes in the capacity of the thoracic cavit,y 
induced by the movements of the diaphragm and other respiratory muscles. 
Changes in pressure within the lungs, the intra-pulmonary pressure, and 
upon its pleural surfaces, the intra-pleural pressure, coincide with alter-
ations in lung volume. 
In the resting position of the chest the intrapulmonary pressure 
is atmospheric but it varies rhythmically with the phases of respiration, 
rising above atmospheric pressure during expiration and becoming subatmo-
spheric during inspiration, the limits in ordinary quiet respiration are 
approximately -2 mm. Hg and +3 or +4 mm. Hg during inspiration and expira-
tion respectively. The maximal negative pressure capable of being developed 
within the lungs by forced voluntary inspiration is about -40 to -50 mm. Hg, 
by forced voluntary expiration about 10 to 40 mm. Hg. If the free flow of 
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air into and out of the lungs is hindered as a result of some disease 
condition, the intrapulmonary pressures will be increased beyond the 
normal range. 
The intrapleural pressure on the other hand is always subatmo-
spheric under ordinary circumstances. This negative pressure is increased 
during inspiration, since the elastic lungs are distended more, and reduced 
e" during ~piration. The mid-position value of the intrapleural pressure 
is about -4·5 mm. Hg with a range during quiet respiration of from -6 mm. Hg 
during inspiration to about -2.5 mm. Hg during expiration. With forced 
respiratory efforts the range may be increased to from -40 mm. Hg with 
inspiration to about .f.50 mm. Hg with expiration. 
These changes in intrathoracic pressure exert an influence upon 
other thoracic structures. The increased negative pressure of inspiration 
causes the thin-walled veins and auricles to expand and fill with blood 
drawn from extrathoracic regions while, on the other hand, in forced expira-
tion with the rise in pressure transmitted to the mediastinal structures, 
blood may be expelled from the large intrathoracic veins and auricl.es into 
the abdominal and neck veins. 
Air flows into and out of the lungs in accordance with alterations 
in intra-pulmonary pressure which depend in the final analysis upon changes 
in the capacity of the thoracic cavity, although the effect of these changes 
upon intra-pulmonary pressure are mediated by the changes in intra-pleural 
pressure. In any event, the lungs play a purely passive role in that 
there is no active dilatation or contraction of the pulmonary passages. 
During inspiration the thoracic cavity, while enlarging in all 
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diameters, vertical, antero-posterior and transverse, does so tinevenly, 
that is, the enlargement is not equal in all directions. Unequal enlarge-
ment of the thoracic cage entails unequal expansion of the lungs. Keith107 
distinguished three zones in the expanding lung: (1) a non-expansile 
root zone, (2) a mid-zone of intermediate and varying degrees of expansi-
bility and (3) a peripheral or subpleural zone of maximal distensibility. 
The extent of expansion of lung parenchyma shows variation not only in 
progression from the central to the peripheral portions but it is also 
related to the mobility of that part of the thoracic cage to which a portion 
of the lung is in relation. Thus, for instance, the dependent or basal 
portion of the lungs in relation to the movable diaphragm are expanded 
more than the apices which are in relation to the more fixed thoracic 
lid or operculum (first pair of ribs and manubrium sterni). 
The diaphragm is the chief muscle of respiration, its movements 
in deep breathing being responsible for 60% of the total amount of air 
breathed. The range of movement in quiet breathing is about 1.2 em., in 
forced breathing about 3.0 em. With a total diaphragmatic surface of 
about 270 sq. em., a descent of 1.0 om. (assuming all regions descend to 
the same extent) will increase the thoracic cavity by 270 oc. and cause a 
corresponding volume of air to enter the lungs. The excursions of the 
diaphragm are influenced by the abdominal muscles and viscera. In a 
standing position, the abdominal viscera aid its descent but hinder its 
ascent. As a consequence, the mean or mid-position of the diaphragm is 
at a lower level than in recumbency when the abdominal viscera exert a 
pressure upWard. In the standing position, the abdominal muscles when 
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lax allow the viscera to subside to a lower level and thus to increase 
the downward pull upon the diaphragm. Ascites, too, may interfere with 
normal diaphragmatic excursions. 
Unlike those of the diaphragm, movements of the bronchial tree 
are passive in nature. These can be resolved into two components: (1) 
a longitudinal motion or alteration in length and (2) a transverse altera-
tion in lumen diameter, each of which varies directly with the phase of 
respiration. Thus, there is inspiratory elongation followed by expiratory 
shortening of the bronchial tree related to the expansion and deflation 
of the surrounding lung parenchyma. In addition, the bronchioles and 
smaller bronchi dilate during inspiration and ~onstrict during expiration 
which variation in lumen diameter is also believed to be purely passive 
til nature~7, l43 
Finally to be considered are the pulmonary compartments or sub-
divisions of the lung volume. The air which passes in and out during 
ordinary respiration is spoken of as the tidal air and amounts on an average 
· to 500 co. The average man after completion of an ordinary expiration can 
inhale, by making the deepest inspiration of which he is capable, about 
3000 co. This is called the complemental air. If starting from a position 
of rest at the end of an ordinary expirati~, a'forcible expiratory effort 
is made, about 1000 co. can be expelled. This is called the supplemental 
air. Since in ordinary breathing the lungs must hold this extra quantity 
of air which can be expelled upon demand, it is called the reserve air. 
The total amount of air which can be exhaled after a maximal inspiration, 
or the sum ot the complemental and supplemental air volumes, is called 
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the vital capacity which amounts to about 4000 co. (including tidal air). 
Some define the complemental air as that volume which can be inspired after 
a no~ inspiration; in such a case the vital capacity is the sum of 
the volumes of the tidal, complemental and supplemental air. 
Even after the most strenuous expiratory effort, a large quantity 
of air still remains in the lungs since the negative or subatmospheric 
intrapleural pressure prevents collapse of the air cells of the lung; 
. this volume is the residual air and can be estimated by equalizing the 
pressure on the two sides of the lung, the intrapleural and intrapulmonary 
pressures, as by a large pneumothorax; it amounts to from 1000 to 1500 cc. 
The small amount of air which remains trapped in the lung even after the 
chest is opened is known as the minimal air and is responsible for the 
characteristic buoyancy of pulmonary tissue. 
Clinicians distinguish further partitions of the lung. The 
total lung capacity is the vital capacity plus the residual air, or the 
total volume of air which the lung can hold after a maximal inspiration, 
which amounts to about 5000 cc. The minute volume is the total volume 
of air breathed per minute or the volume of tidal air multiplied by the 
number of respirations per minute (about 16 to 18 per minute in the normal 
adult). The twnctional residual air is the amount of air remaining in 
the lungs after a normal expiration, that is, the sum of the supplemental 
or reserve air and the residual air. 
The'vital capacity, an exceptionally useful measurement in clin-
207 ical studies, has been shown by West to bear a consistent relationship 
to surface area; the vital capacity in co. per square mete~ of body surface 
is 2500 for men and 2000 for women. 
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Figure 1: Subdivisions of lung air. From Best and Taylorl7 
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These values of vital capacity, indeed all values given above 
for the subdivisions of the lung volume, vary considerably with different 
individuals but the figures given are for average, normal, healthy males 
except where otherwise indicated. Some variations of vital capacity can 
be ascribed to the influence of occupation as demonstrated by Dreyert3 
West's work shows some relationship to athletic training. In addition 
to these physiological variations of vital capacity, pathological stages 
especially of the respiratory and vascular systems may cause a reduced 
vital capacity. These disorders may directly involve the lungs (pneumonia, 
emphysema), may be the result of mechanical interference with the normal 
respiratory excursions of the thoracic cage or diaphragm (abdominal masses, 
r, .. 
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ascites, or restriction imposed by abdominal or pleuritic pain)~ and 
may consist of intrathoracic conditions which cause encroachment upon 
space normally occupied by the lungs (pleuritic or pericardia! effusions, 
pneumothorax, tumors) and finally, they may be due to cardiac disease. 
Heart disease which leads to engorgement >f the pulmonary vessels and 
to encroachment upon the alveolar spaces. reduces the vital capacity and 
may lead to dyspnea. Indeed, some of the major hypotheses to be discussed 
later in a consideration of the theories of the mechanisms of cardiac 
asthma depend upon this reduction of' vital capacity in cardiac patients. 
Two other points must be presented to complete the foregoing 
survey of the physiology of respiration. One concerns the gaseous inter-
change at the alveolar membrane; oxygen passes from the alveolar space 
through the pulmonary epithelium of the alveoli and endothelial lining 
into the blood in the pulmonary capillary, carbon dioxide passing in the 
reverse direction. The velocity of transfer or the migration of a gas 
across this membrane barrier is known as the diffusion coefficient of the 
gas through the pulmonary epithelium and is defined as the number of cubic 
centimeters of the gas which are absorbed per minute per millimeter of 
mean pressure difference between the blood and alveolar air. For oxygen, 
the coefficient varies in normal individuals at rest from 23 to 45 cc/min/mm; 
the corresponding value for carbon dioxide is about 500 cc/min/mm. 
If, however, the gas, prior to diffusing through the pulmonary 
membrane, must first traverse a fluid barrier such as edema fluid, then 
the effective rate of gaseous interchange between alveolar air and blood 
will be diminished. More important is the differential diminution of 
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effective rate of transfer of the two gases, oxygen and carbon dioxide, 
due to the difference in the diffusion coefficients of the two gases in 
the edema fluid. The rate of diffusion of a gas through a liquid is in 
direct proportion to the absorption coefficient of the gas in that liquid 
and inversely proportional to the square root of its molecular weight. 
The coefficient of absorption of oxyge~ in plasma at body temperatures 
(37°0) is 0.024, for carbon dioxide it is 0.510; their respective molecular 
weights are 32 and 44. Thus under identical conditions the diffusion 
rate of carbon dioxide through a wet membrane is about thirty times greater 
than that of oxygen when the two gases are under identical conditions. 
For general physi·ologioal work the diffusion coefficient is the number of 
cubic centimeters of the gas which will diffuse 0.001 mm. distance over 
a square centimeter of surface, per minute, at a pressure of one atmosphere. 
Thus, the rate of diffusion of oxygen will suffer greater diminution than 
that of carbon dioxide through an alveoli filled with edema fluid so that 
in such a condition the clinical effects, if any, will be due predominantly 
to the alteration in the oxygen diffusion rate. 
The other point to be noted concerns the water vapor with which 
the alveolar air is saturated; at 37°0, the temperature of the air in the 
lungs, the partial pressure exerted by the water vapor is 47 mm. Hg. 
Christie and Loomis31 have pointed out that rapid and shallow breathing 
is a very efficient mechanism for elimination of heat by evaporation of 
water with the carbon dioxide loss reduced to a minimum., This probably 
is related to the anatomical dead space air or that volume of air in the 
portion of the respiratory passages extending from the nostrils to and 
- 38 -
including the terminal bronchioles. Christie and Loomis31 place more 
emphasis upon the physiologic dead space which varies with the depth of 
respiration and may extend to that portj_on of the lung between the ana-
tomical dead space and the alveoli, hyperventilation of which may produce 
a water loss out of proportion to the loss of carbon dioxide. The struc ... 
tures enclosing the physioloGic dead space are distal to the terminal 
bronchiole but proximal to the alveoli and include the respiratory bron-
chioles and alveolar ducts. Whatever the limits, terndnal bronchioles 
or alveolar ducts, this portion of the respiratory passages will permit 
less gaseous interchange betv.>een blood and air than can occur in the al-
veoli. Thus, while heat loss is accomplished by warrr~ng of the air in 
the dead space as well as by more fully saturating the expired air with 
moisture, the shallow breathing keeps any increase of gaseous interchange 
at a minimum. Notwithstanding the rapid rate of respiration, the per-
centage of the minute volume getting past the dead space and rBaching 
the alveolar epithelium will be diminished and a washing out of carbon 
dioxide avoided because of the shallowness of the respiration. A simi-
lar situation is to be noted in the hyperpnea (panting) of the dog which 
is the chief means of increasing the vaporization of water to combat a 
rise in body teirperature, since sweating in this animal is practically 
limited to the foot-pads. 
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IV. CARDIAC DYSPNEA 
With the above summary of normal respiration as a basis, a more 
intelligent oonsideration of pathologioal ventilation, or dyspnea its 
prime symptom, may be attempted, particularly oardiac dyspnea. 
A. Definition of dyspnea: 
Meakensl33 defined dyspnea as the oonsciQusness of the necessity 
for increased respiratory effort. It differs from hyperpnea which means 
increased pulmonary ventilation inasmuch as there is a subjective element 
of distress in dyspnea which is absent in hyperpnea, even if the individual 
is aware of the increase in respiratory activity in the latter condition. 
Although usually a symptom of a pathological state, there are circumstances 
within the physiological range which may induce dyspnea in a normal individual, 
as for example in excessive exercise in which so great are the demands 
that the normal respiratory and circulatory mechanisms find difficulty in 
meeting the increased demands of the moment. Another type of dyspnea which 
the normal individual experiences is due to the low oxygen tension in the 
atmosphere at high altitudes. These are conditions associated with extremes 
of supply and demand wherein environment or activity may induce dyspnea in 
a normal individual. Usually, however, dyspnea indicates pathology. Thus, 
a degree of activity that in health would cause no change of which the 
individual is conscious,will in diseased states result in subjective 
respiratory distress or dyspnea. 
l 
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B. Classification of the causes of dyspnea: 
A classification of the causes of dyspnea based on the physiology 
of respiration will expose most clearly the basic physiological mechanisms 
involved in the disturbances which may induce dyspnea. MOre useful than 
a list of disease states associated with dyspnea classified by organ and 
systems will be a physiologic classification which in identifying the dis-
turbed processes aids in the institution of rational specific therapy or 
at the least intelligent supportive t~eatment. One such physiologic classi-
fication considers the site of abnormality and the associated disturbance 
resulting. Thus the site of disturbance may be pulmonary or non-pulmonary; 
corresponding to the first .category there will be disturbances in the 
external phase of respiration, the second category may involve either 
the internal phase of respiration or the control of respiration (see Table 11). 
Pulmonary disturbances or insufficiency as Baldwin, Cournand 
8 
and Richards describe it is based on an inadequacy of either or both 
categories of external respiration: (1) pulmonary ventilation or the mass 
d1splaoement of air between the outside atmosphere and the interior of 
the lungs, and (2) the respiratory gas exchange between blood in the pul-
monary capillaries and the outside air which is more particularly concerned 
with ei't'ecti w distribution of inhaled air to functioning alveoli and with 
diffusion of ~esptratory gases across the alveolo-capillary membrane. A 
further breakdown details the specific type of disturbance. Thus, ventilatory 
b&Guf':f"J.oienoy may be "restrioti ve" in that pulmonary expansion and contraction 
are limited by a dynamic or structural cause other than by "obstruction" 
of pulmonar.Y airways. Restrictive disturbances include pulmonary fibrosis, 
Phase of 
re iration 
affected 
external phase 
of gaseous 
interchange 
internal phase 
of gas~ous 
interchange 
control of 
respiration 
Table 11 : A physiologic classification of the causes of dy pnea . 
Type of disturbance 
I Pulmonary insufficiency 
A. ventilatory 
1 . restrictive 
{ 
decreased pulmonary 
expansion 
2. obstructive { 
B. alveolo- re piratory { 
l o distr i butive 
2, diffusional { 
II No:1- pulmcnary disturbances 
A. blood transport of 
respiratory gases 
B. tissues : disorder of 
utilization or 
imbalance of 
supply and demand < 
of respiratory 
gases 
c. stimulation of the 
respiratory 
center 
1 . chemical 
" 
narrowing of airway 
inadequate i ntra-
pulmonary mixing 
decreas ed alveolo-
capillary gaseous 
exchange 
' deficiency in 
oxygen content 
of blood 
reduced blood 
flow 
di sturbance of 
intracellular 
enzymes 
i ncreased meta-
, bolism 
increased carbon 
dioxide tension 
of blood 
decreased pH of 
blood 
2. nervous ' emotional dis-
orders (impulse 
from higher 
centers 
reflexes : 
carotid inus 
Hering~Breuer 
Churchill :-Cope 
Type of 
anoxia 
anoxic 
Associated di ea e states 
pneumothorax, restiction 
of diaphragm (ascites , ab-
dominal rna ) , pulmonary 
fibrosis 
asthma, foreign body, diph-
theritic membrane, laryn-
geal spasm and edema 
emphysema, shallow breath~ 
i ng 
pulmonary edema, venous 
shunts, septa~ defect 
anemia, hemorrhage, carbon 
monoxide poisoning 
stagnant shock, heart failure 
his to-. 
toxic 
anoxic 
cyanide poisoning 
hyperthyroidism 
asphyxia 
diabetic ketosis , neph-
ritic acidosis 
hysteria and anxiety· 
neuroses 
oxygen deprivation 
pulmonary atalectasis , 
pulmonary congestion, 
pneumonia 
pulmonary embolism 
I 
~ {Z 
I 
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pulmonary congestion, pneumothor~, kyphoscoliosis, etc; obstructive dis-
turbances include bronchial asthma, foreign body, diphtheritic membrane, 
laryngeal spasm or edema, etc. 
The second category or alveolo-respiratory insufficiency results 
either from reduction of effective "distribution" of inhaled air to func-
tioning alveoli or from impaired "diffusion" of respiratory gases across 
the alveo~o-capillary membrane. "Distributive" disturbance may be due 
to underventilation of relatively well perfused alveolar spaces as in 
pulmonary emphysema or over ventilation of other lung spaces which have 
little or no perfusion by pulmonary blood as in shallow breathing. Dif-
fusional disturbances which affect passage of respiratory gases across 
alveolo-capillary membrane may be associated with a liquid barrier~ either 
frank intra-alveolar fluid in pulmonary edema or inter-alveolar fluid in 
early stages of left congestive failure, or with intervening tissue as in 
pulmonary fibrosis. 
The non-pulmonary disturbances may affect either the mechanisms 
associated with the internal phase of respiration or those mechanisms 
• mediating control of respiration. Since the internal phase of reE~piration 
concerns the gaseous exchange between the blood and the tissues, either 
may contribute to make this gaseous interchange inadequate. The blood 
serVing as a vehicle for the transport of the respiratory gases between 
lungs and tissues may be deficient either (1) by virtue of decreased content, 
reduced capacity of the vehicle, as in anemia, hemorrhage or carbon monoxide 
poisoning, or (2) by inadequacy of mobility of the vehicle, as in poor 
circulation, states of shock or heart failure. The tissues may show an 
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increased metabolism resulting in a relative deficiency in gaseous inter-
change in hyperthyroidism wherein a previously adequate supply becomes 
deficient in the face of excessive demand; or in the face of a normal 
supply and demand, due to a disturbance in intracellular enzymes the tissues 
cannot utilize the oxygen available, as in cyanide poisoning. 
In addition to disorders associated with blood transport and 
tissue utilization or imbalance of supply and demand of the respiratory 
gases, non-pulmonary respiratory disturbances may be associated with al-
terations in the control of respiration which normally serves to integrate 
the internal and external phases of gaseous interchange. The basic process 
involves chemical and nervous stimulation of the respiratory center. 
Chemical stimulation of the center may result from increased carbon dioxide 
tension of the blood, as in asphyxia, or from increased acidity of the 
blood, as in diabetic ketosis and nephritic acidosis. 
Nervous stimulation of the center may be reflex or emotional. 
Reflexly, it may be mediated by an exaggerated Hering-Brener reflex as 
in pulmonary congestion, pneumonia and atalectasis, by the Churchill-Cope 
reflex in pulmonary embolism, and by the carotid body reflex in anoxemia. 
Impulses from higher centers may stimulate the respiratory center in certain 
emotional disorders as in hysteria and anxiety neuroses; dyspnea of the hyperpneic 
type is typical of the former condition, the latter shows a dyspnea character-
ized by sighing, a type of slow deep but subjectively inadequate respiration. 
A physiologic classification of the causes of dyspnea with typical 
examples of disease states associated with each type of physiologic disorder 
10 is presented in Table 11, with reference to Barcroft and Peters 
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and Van Slyke'sl55 classification of the four types of anoxia (anoxic, 
anemic, stagnant and histotoxic) where pertinent. In preparing Table 11, 
material was gleaned fro~ several sources~7 • 28 • 8 • lO, l55 In the course 
of tabulation, it became obvious that "functionally ••• the pulmonary 
and circulatory apparatus are one unit, serving to convey the respiratory 
gases between tissues and outside environment."8 Realizing this,there 
followed complete agreement with the suggestion that: "What is, in fact, 
really wanted is a fully integrated physiological classification of 
cardio-circulo-pulmonary insufficiency, in to which all clinical forms 
of cardiac, circulatory and pulmonary disease can be fitted."8 
But this writer's purpose in attempting to draw up a physiologic 
classification of dyspnea was more than to expose the lack of suitably 
integrated cardio-pulmonary physiology; it was hoped that in classifying 
dyspnea, a common denominator of dyspnea, whatever the mediate cause, 
might be extracted which would indicate the immediate factors concerned 
with the pathogenesis of dyspnea. 8 Baldwin, Cournand and Richards provided 
a lead in their classification of pulmonary insufficiency (see Table 12). 
Table 12: Classification of pulmonary insufficiency8 from Baldwin et a1 
Form 
(1) ventil~tory: 
a. restrictive 
be obstructive 
(2) alveolo-respira-
tory: 
a. distributive 
b. diffusional 
Type of disturbance 
mechanical 
mechanical and 
physico-chemi-
cal 
Chief symptoms 
anoxia, hyper-
ventilation 
- lJ+ -
Thus, while the chief symptom of the ventilatory type of pulmonary insuf-
ficiency is dyspnea, the alveolo-respiratory type of pulmonary insufficiency 
is characterized by hyperventilation. Those factors which induce the con-
version of hyperpnea, to the symptom, dyspnea, are equivalent to or, at least, 
intimately associated with the direct factors involved in the pathogenesis 
of dyspnea. 
Dyspnea or respiratory distress appears, as hyperpnea increases, 
at a point called the dyspneic point which is related to the vital capacity. 
Thus, a person with a large vital capacity can breathe a larger volume of 
air without discomfort than can a person with a smaller vital capacity. 
There is an even closer relationship between onset of dyspnea and the ratio 
of the functional residual air (volume of air left in lungs after an ordi-
nary expiration) to the total lung capacity. In health, the ratio is about 
2:5• The more nearly equal these volumes become, the greater the tendency 
to dyspnea:7 Thus, in pathological states the adequacy or inadequacy of 
the ventilation depends (1) on the metabolic state which determines the 
load placed on the ventilation system, and (2) on the relation between 
actual ventilation and the maximum ventilatory capacity of which the indi-
vidual is capable, which relationship reveals how close to capacity the 
system is functioning in response to the given load. The closer to capacity 
. 
the actual ventilation, the greater the tendency to dyspnea. 
c. Clinical types of cardiac dyspnea: 
While the analysis presented above fits the onset and intensity 
of dyspnea in chronic pulmonary disease quite well, in cardiac conditions 
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other factors are operating as well since patients with congestive failure 
complain of dyspnea even when their breathing reserve is well maintained. 
In addition to differences in time of onset, there are clinical differences 
in the quality of the dyspnea. In chronic pulmonary disease such as pul-
monary fibrosis or emphysema, there is simple breathlessness at rest which 
may become more severe with exercise, the distress even being described 
as suffocation. Such patients may remain dyspneic in post-exertional states. 
In the cardiae patient, the distress is more complex and may show variation 
not only with exercise or activity but with position or posture as well. 
Various investigators have classified the clinical types of 
cardiae dyspnea; Harrison's78 is a useful classification: 
I. Dyspnea due to cardiac disease per se 
A. Dyspnea on exertion 
B. Dyspnea at rest 
1. Nocturnal dyspnea 
a. Occurring before onset of sleep 
(1) Orthopnea 
(2) Evening dyspnea 
b. Occurring after onset of sleep 
(1) Cardiac asthma ) 
{2) Periodic dyspnea ) ParoXysmal 
(Cheyne-Stokes respiration) ) 
2. Continuous dyspnea 
II. Dyspnea due to complications 
Exertional dyspnea, usually the first symptom of heart disease, 
is noted by the patient as an awareness of respiratory discomfort caused 
by a degree of activity previously performed without such distress. It 
is a progressive symptom; its severity parallels the degree of failure, 
thus, in late heart disease even minimal activity is associated with 
dyspnea so that continuous dyspnea, a later type of cardiac dyspnea, results. 
There are two main theories explaining exertional dyspnea; one is 
-~-
based an pulmonary congestion leading to reflex dyspnea, the other is based 
on chemical stimulation of the respiratory center. Many modifications of 
these two basic themes found in the literature are the result of variations 
in emphasis by various workers, not a difference in basic concepts. 
The reflex theory holds that dyspnea results from exaggeration 
of Hering-Breuer reflexes by pulmonary congestion. In congestive failure 
the pulmonary capillaries engorged with blood make the lungs rigid and less 
distensible so that any increase in pulmonary volume will be associated 
with a larger than normal increase in tension in the alveolar and bronchial 
walls and, therefore, with stretch of the vagal afferents therein. St~mu-
lation of these vagal afferents induces the rapid and shallow respiration 
~ characteristic of pulmonary congestion. Christie28 in 1938 summarized 
the evidence based on human and animal experimentation which suggests that 
the rigidity of the congested lung is responsible for activation of the 
Hering-Breuer reflex and the resulting rapid shallow breathing. 
Dock40 points out however that rapid shallow breathing is not 
dyspnea and suggests that the necessit,y of using active muscular effort 
in expiration induces an awareness of respiratory activity which converts 
the hyperpnea to dyspnea. Meakins and Christiel34 investigating the intra-
pleural pressure in congestive failure offer evidence which supports Dock's 
views; in failure they found a marked increase in the absolute value of 
intrapleural pressure so that it was positive at the end of expiration 
which is not the case in persons with normal cardiovascular systems. This 
positive intrapleural pressure was the result of a decrease in thoracic 
cage volume in expiration brought about not by passive recoil following 
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inspiration but by active expiratory muscular effort which Dock holds re-
sults in consciousness of respiratory activity and therefore dyspnea. 
Another modification of the reflex theory of cardiac dyspnea 
emphasizes the parallelism of the degree of dyspnea and the reduction of 
. 30 78 150 158 V1tal capacity. , , , That congested pulmonary vessels can en-
croach on alveolar spaces and decrease lung volume and its subdivisions, 
as vital capacity, has been experimentally confirmed by Drinker, Peabody 
and Blumgart~ But to proceed from this parallelism of the degree of dyspnea 
and the reduction in vital capacity to a stand that this parallelism is 
due to a cause and effect relationship is hardly a tenable position. A 
more considered view is that the vital capacity is a good index of the 
188 
respiratory capabilities of the cardiac patient, or of the state of the 
pulmonary circulation~ Harrop87 offered clinical evidence supporting 
the significance of the pulmonary congestion-vital capacity relationship 
by noting that emphysema and chronic inflammatory processes of the lungs 
appear to aggravate greatly the effect of passive congestion due to cardiac 
insufficiency alone. 
The second group of theories explaining early cardiac dyspnea 
is based on chemical stimulation of the respiratory center. Within this 
group are various theories, each in turn emphasizing the importance of 
one specific disturbance in the physiology of respiration, such as anoxemia, 
acidosis, elevated tension of carbon dioxide in the blood and/or at the 
respiratory center. 
That anoxemia does not cause dyspnea directly has been indicated 
by Haldane and Priestley?2 Clinical evidence by Fraser62 supports the view 
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that cardiac dyspnea is not associated with oxygen deficiency in the blood. 
Later Cullen, Harrison, Calhoun, Wilkins and Tims34 could find no significant 
alterations in arterial or venous oxygen concentrations in cardiac patients 
at rest; after mild exercise they found that the oxygen saturation was 
slightly greater in cardiac patients than in normals. 
Another view claims cardiac dyspnea is the result of an increased 
acidity of the respiratory center due either {1) to decreased carbon dioxide 
elimination of the lungs with resulting increase in blood carbon dioxide, 
or (2) to sluggish circulation of the brain, resulting, according to the 
"forward failure" theory of heart failure, from a diminished blood supply 
to the respiratory center, or (3) according to the "backward failure" theory 
from sluggish circulation of the brain due to the impedance offered by 
high venous pressures. 
Petersl53 favors carbon dioxide acidosis as the cause of cardiac 
dyspnea. The majority of workers feel that alterations in carbon dioxide 
tension or pH of the arterial blood do not constitute the stimulus to the 
27 62, 154 62 
respiratory center. ' Indeed, Fraser found that except for very 
advanced stages of heart failure or primary pulmonary conditions, carbon 
dioxide elimination is increased by the hyperpnea and a slight, gaseous 
alkalosis usually obtains. 
62 Fraser who rejects blood acidity as the respiratory stimulus 
in cardiac dyspnea cites the findings of various workers11 • l35 that suggest 
that cardiac disability associated with dyspnea at rest is accompanied by 
a reduction in minute volume of as much as 50% or more. Fraser's position 
is that while arterial oxygen tension is normal, because of decreased blood 
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supply to the tissues (including the respiratory center) the mean arterial 
oxygen tension will be lowered and stimrilation of the center result. The 
increased ventilation compensates for the increased venous carbon dioxide 
tension so that lower than normal arterial carbon dioxide tensions result 
explaining the gaseous alkalosis usually found. The objections to this 
view are many. First, the investigators that Fraser cites studied cardiac 
output of patients with dyspnea at rest, not early exertional dyspnea. 
Secondly, the degree of dyspnea does not show a constant relationship to 
·diminution of cardiac output and that while usually the case, it is not 
invariably true that cardiac output is subnormal in patients with cardiac 
' 
disease.28 Lastly, Harrison78 noted that procedures that increase cardiac 
output do not necessarily relieve the symptoms. 
A very similar view is that of decreased cerebral flow due not 
to diminished cardiac output but to increased cerebral venous pressure 
secondary to inability of the heart to handl~ the venous return~1 This 
will be discussed more fully in our consideration of orthopnea, a oondi-
tion with which it is more intimately associated. We may note here that 
superior vena cava obstruction is not always associated with dyspnea. 
There is also good evidence to shaw that patients with superior vena cava 
obstruction showing elevated venous pressures in the upper part of the 
body with evidence of venous stasis in these areas may show a normal rate 
of blood flaw through the cranium. This is evidenced b,y lack of signs or 
symptoms of cerebral anoxia and by normal values for arterio-venous oxygen 
difference (internal jugular and arterial blood)~5 
More recent work may indicate the lesser significance of decreased 
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129 
cerebral blood flow in dyspnea; although granting that as McMichael 
points out there is diminished cerebral blood flow in cardiacs with hyperpnea, 
109 
Kety and Schmidt point out that in nol:IIlBl young men lying recumbent at 
sea level, hyperventilation of moderate intensity, produced either volun-
tarily or passively, is associated with decreased cerebral blood flow 
averaging 34%. During passive hyperventilation cardiac output diminished 
an average of 11% but was maintained during active hyperventilation by a tachy-
cardia. This evidence suggests that decreased cerebral flow associated 
with significant alterations in cerebral arterio-venous oxygen difference 
(average 58%) may be the result rather than the cause of hyperpnea. 
Another modification of the chemical theory of cardiac dyspnea 
indicting abnormal metabolism as a significant factor received support from 
P b Dub . 151 ea ody, Meyer and o1s who found in cases of cardiac insufficiency with 
dyspnea an increase in metabolism as great as 25% to 50%· Subsequently 
these results were confirmed by Hamburger and Lev:4 Sh~piro177 and Eppinger, 
von Papp and Schwartz~0 The interpretation of the relationship of this 
increase in basal metabolic rate to cardiac dyspnea according to Resnick 
and Friedman164 is that the increase in basal metabolic rate involving 
extra work of the muscles of respiration is the result not the cause of 
cardiac dyspnea, although as Harrison79 pointed out, the activity associated 
with cardiac dyspnea leads to an increase in metabolism which serves as 
an additional strain an the heart. 
Additional theories of minor import involve impaired heat dis-
persian due to decreased flow of blood to periphery with hyperpnea as the 
184 
response, a view supported by Steele who found low skin temperature 
with high rectal temperatures in cardiac patients, and by the clinical evidence 
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offered by severely decompensated patients who get relief by removal of bed-
clothes and by lying near an open window~ This explanation of hyperpnea 
involves stimulation of the respiratory center by impulses from the heat 
regulating center and is perhaps related to the panting phenomena of dogs 
wherein rapid shallow respirations aid in the loss of heat in maintaining 
the regulation of body heat. Other nerve impulses which stimulate the 
respiratory center involve reflexes initiating in the carotid sinus218 or 
in the proprioceptors of the moving muscles of respiration or of the great 
veins or right heart~4 ' 85 The latter mechanism is correlated primarily 
with the increase in venous pressure at these sites and is another modifi-
cation of the "backward failure" theory of cardiac failure. 
An evaluation of the comparative worth of the various theories 
postulated to explain early types of cardiac dyspnea or the dyspnea of 
exertion suggests that cardiac dyspnea is largely, if not wholly, due to 
the reflex stimulation of respiration by the increased rigidity of the 
congested lungs and, except in the terminal stages of cardiac failure, it 
is improbable that chemical stimulation of the respiratory center is a 
factor in the production of cardiac dyspnea. Nor do anoxemia, raised meta-
bolic rate, diminution of vital capacity, elevation of venous pressure, 
the carotid sinus or other reflexes initiating from without the lung play 
any direct part in cardiac dyspnea although it is important to note that 
anoxemia and raised metabolic rate may increase pulmonary congestion by 
28 
their effects on the heart and thus secondarily influence dyspnea. 
Similar mechanisms have been incriminated by various workers 
to explain orthopnea, a form of dyspnea relieved by assuming the upright 
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position and which is produced or aggravated by the recumbent position. 
And again the two major schools of thought contest the comparative signifi-
cance of cerebral chemical and pulmonary reflex factors. The greater in-
adequacy of cerebral blood flow in the recumbent position according to 
173 112 
Sahli and Krehl leads to inefficient interchange of gases between 
the blood and cells of the medulla and the resulting localized acidosis 
is a stimulant to increased respiration. Others who have supported this view 
123 51 
are MacKenzie, Ernstene and Blumgart, 49 Eppinger, Laszlo and Schuermeyer. 
. 76, 77 
Harr1son investigated changes in intrathecal pressures with position and 
their relation to dyspnea and found thecal pressures measured from the cistern 
were greater in the horizontal than in the sitting position and suggested that 
the increased pressure of recumbent position is a factor in production of 
orthopnea. Similar findings were previously noted in animals by Wolff and 
215 4 . Blumgart. Altschule, Iglauer and Zamcheck were of the opinion that while 
orthopneic hyperventilation noted in five male patients with obstruction of 
superior vena cava was associated with impaired flow and stasis at the 
respiratory center, it should not be concluded that pulmonary congestion may 
be minimized as a factor in the symptomatology of cardiac decompensation. 
as a 
More definite opposition to the theory of cerebral blood stasis 
cause of orthopnea is recorded by Ferris55 who failed to find any ab-
normality of blood flow through the cranium in five patients with superior 
vena cava. obstruction. Fishberg59 points out that in patients with Pick's 
disease even with high venous pressure there may be no orthopnea but only a 
moderate dyspnea, while an agonizing orthopnea may be noted in cases of 
copious pericardia! effusion which is relieved by paracentesis. These findings 
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he feels suggest pulmonary stasis due to compression of pulmonary veins 
or left auricle as significant in the etiology of orthopnea. 26 Calhoun et al 
point out that orthopnea is invs.riably absent in shock and hemorrhage 
known to be associated with decreased cardiac output and that orthopnea 
often occurs in cardiac patients without edema, hepotomegaly or peripheral 
72 
venous distension. Nor can the anoxemia hypothesis of Haldane and Priestley 
26 
be confirmed since Calhoun et al found no significant change in arterial 
or in the jugular vein oxygen tension on assuming the recumbent position, 
so that decreased arterial oxygen saturation in the horizontal position 
135 70 
as postulated by Meakins and Davis or Haldane, Meakins, and Priestley 
is not the answer to explain orthopnea, the latter group postulating that the 
fan-like expansion of the lungs is less efficiently carried out in the 
recumbent than in the upright position. Even more damaging to the theory 
131 
of the chemical origin of orthopnea are the findings that cardiac output 
. 20, 191 
and the circulat~on velocity are increased in the recumbent position. 
. 41 
Although Dock pointed out that circulation time depends on the volume of the 
heart chamber142 as well as on the degree of venous engorgement and the minute 
volume flow. The lack of a strict correlation of cardiac output with blood 
velocity does not lend support to the view that the reverse situation is 
true, that recumbent position decreases the circulation velocity. As in 
the explanation for early cardiac dyspnea of effort, orthopnea can best 
be explained not on the basis of cerebral stasis with resultinG chemical 
stimulation of respiration but rather on the reflex stimulation of the 
respiratory center by the accentuation of Hering-Breuer reflex induced by 
pulmonary congestion. Evidently there occurs with the change to the recumbent 
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position an increase of the amount of blood in the lungs which initiates 
the orthopnea. How does this change in position increase pulmonary conges-
tion? Results of investigations with various techniques suggest that the 
cardiac output is increased in the recumbent over the upright position 
132 128 (McMichael and Sharpey-Schafer, catheterization technique; McMichael, 
acetylene technique; Field and Bock;6 carbon dioxide method) although 
68 125 Grollman and Narshall did not find a significant difference in cardiac 
output using nitrous oxide and acetylene methods. The increase of cardiac 
output with recumbency is believed to be secondary to an increased venous 
return in the recumbent position. Hi1194 in 1895 first suggested that 
in the upright position blood is drained to the splanchnic areas and de-
pendent limbs and thereby decreases pulmonary congestion. 83 Harrison et al 
were able to induce marked stimulation of breathing by the introduction 
of as little as 25 co. excess blood into the lungs of a dog. 
In addition to increased venous return and increased cardiac out-
put with recumbent position, an increase in volume of the blood will also 
lead to increased cardiac output and pulmonary congestion. Perera and 
152 
Berliner found that recumbent rest in patients with a severe form of 
nocturnal orthopnea, cardiac asthma, was associated with a 10-15% drop in 
serum proteins, presumably due to increased plasma volume. Supportive evi-
dence for hemodilution was obtained also from alteration of the hematocrit 
and red blood cell count. Associated with his hemodilution was an increased 
venous pressure and a decreased vital capacity with no change noted in ratio 
114 
of albumin to globulin. Landis et al emphasize the importance of resorp-
tion of edema fluid in the production of a plethoric condition which accent-
uates the pulmonary congestion. 
- 55 -
Another mechanism whereby pulmonary congestion may be induced 
170 
was postulated by Rubow who believed that kinking of pulmonary veins 
in the recumbent posture caused an increased resistance to flow in the pul-
monary circuit with increased pulmonary congestion. Wood, Wolferth and 
associates216 ' 217 have pointed out that not only is the recumbent position 
a cause of dyspnea as in orthopnea but that other positions may induce 
dyspnea in patients with trepopnea or the dyspnea of an unfavorable position. 
Kern108 suggested the term trepopnea as preferential tolerance of one recum-
bent position for another in avoidance of dyspnea. The mechanism whereby 
the unfavorable position causes dyspnea is believed to be a change in position 
of the heart with distortion of the great vessels adversely effecting the 
venous return from the lungs. This movement of the heart in the chest 
under the influence of gravity is what the literature refers to as cor 
217 
mobile, bewegliche ~~ Wanderherz. 
It can now be appreciated that since orthopnea is primarily induced 
by increased pulmonary congestion of the recumbent position, secondary 
effects of this pulmonary congestion will be a decreased vital capacity due 
to the distended capillaries encroaching on alveolar lumens (noted by Traube193 ) 
as well as to the increased rigidity of the lung (noted by von Basch13 ). 
With the increased rigidity there will be a larger percentage of unventilated 
180 
alveoli than occurs in health so that a need to use the accessory muscles 
of respiration arises. This need is more successfully satisfied in the 
upright position; some patients not only sit upright but may also flex the 
head on the trunk and clasp the side of the bed or the chair in order 
not to induce change in cerebral flow26 but to get maximum effects 
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from the accessory muscles of respiration by fixation of the shoulder girdle 
and spine. In addition, the cephalad shift of the diaphragm in recumbency 
is corrected by the upright position thus aiding pulmonary ventilation~ 
The significant decrease in the vital capacity of recumbent 
21 150 
orthopneic patients was noted by many observers: Bohr, Peabody, 
56 214 26 
Field and Bock, Wilson and Calhoun et al. Only a few observers noted 
minimal change of vital capacity with position in their orthopneic 
patients: Ernstene and Blumgart~1 Although the reduction in vital capacity 
in the recumbent position is greater in orthopneic patients than in normal 
individuals (Christie and Beams29 average of 5·5% diminution in 200 normals, 
26.5% reduction of vital capacity in 7 orthopneic patients) and the change 
26, 122, 149 in vital capacity parallels the severity of heart failure, 
the basic cause of the orthopnea is not the reduced vital capacity but 
rather that the orthopnea and the reduced vital capacity are both results 
of the increased pulmonary congestion in the recumbent position. 
The pulmonary congestion induces increased ventilation; in a patient 
with decreased respiratory reserve due to decreased vital capacity a degree 
of dyspnea results which is proportional to the magnitude of the ventilation. 
When the actual volume of breathing becomes more than a certain fraction of the 
maximum possible volume, that is, the closer the actual ventilation approaches 
78 
the maximum possible ventilation, the severer the dyspnea becomes. The more 
basic cause of orthopnea as of exertional dyspnea is pulmonary engorgement. 
Thus, both early cardiac dyspnea, or exertional dyspnea, and 
orthopnea, a form of dyspnea which occurs ·later with a greater degree of 
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heart failure and pulmonary congestion, are largely if not wholly reflex 
in origin with relief of dyspnea from reduction of activity in the former, 
and relief of dyspnea from the upright position in the latter. Not only 
does the redistribution of blood to the limb and splanchnic vessels result-
ing from the upright position decrease pulmonary congestion and hyperpnea 
but with the increased excursions of the diaphragm in the upright position, 
pulmonary ventilation is associated with decreased utilization of the ac-
cessory muscles of respiration and the subjective element or dyspnea is 
reduced. 
81 
There are other types of cardiac dyspnea. Evening dyspnea 
is minimal or absent in the morning, is not paroxysmal but develops gradu-
ally during the day and reaches its maximum in the evening hours. It 
resembles exertional dyspnea in that it is believed to be due to greater 
bodily activity during the waking hours which leads to increased pulmonary 
congestion~3 The mechanism of Cheyne-Stokes respiration or periodic breath-
ing is more difficult to explain. 
This is a form of respiration wherein periods of apnea alternate 
with periods when the respirations progressively increase in amplitude, 
and eventually the patient may becone intensely dyspneic. Respirations 
then progressively decrease in amplitude and another period of. apnea ensues. 
While Harrison78 lists Cheyne-Stokes respiration as a form of cardiac 
dyspnea, like those forms of cardiac dyspnea discussed above, periodic 
respiration may occur in other than cardiac conditions. Unlike these 
toher forms of cardiac dyspnea, however, the attacks are paroxysmal 
and occur at or after the onset of sleep. Furthermore, patients are not 
" 
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dyspneic in both phases or Cheyne-Stokes respiration; there is no dyspnea 
associated with the apneic phase, invariably the most marked subjective 
respiratory distress occurred during the height or hyperpnea?8 In several 
patients Harrison78 observed,a rapid alteration or consciousness associ-
ated with hyperpnea, and sleep associated with apnea, persist for twenty-
four hours or longer, the patient never getting more than one minute's 
consecutive sleep. However, once a patient passed into a sound sleep, 
the respirations become regular and persist as long as the state or deep 
sleep. 
There is more evidence involving chemical stimulation or the 
respiratory center for this type of dyspnea than for the other types of 
151A 42 qyspnea referred to above. Pembrey and Allen and Douglas and Haldane 
believed periodic respiration was due to oxygen want at the respiratory 
center. Because ot the anoxemia, the sensitivity of the center is altered 
78 
and there is over-shooting both ot hyperpnea and apnea. The process 
involves decreased irritability of the respiratory center with the onset 
of sleep leading to a period ot apnea• Shortly after the apneic phase 
begins carbon dioxide accumulates in the blood, at first rapidly and then 
more slowly. During this phase the oxygen saturation diminishes at first 
slowly and then, when the alveolar oxygen tension decreased to a point 
corresponding to the steep part of the oxygen dissociation curve, more 
rapidly. This decline continues until just arter the beginning or hyperpnea 
when the oxygen saturation abruptly rises to a normal or supernormal level 
and remains there throughout the remainder or the hyperpneic phase. During 
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this phase the blood oarbon dioxide content begins to deoreaseJ the rate 
of carbon dioxide loss is greater during the crescendo phase of hyperpnea. 
but then the carbon dioxide excretion becomes slower as the hyperpnea phase 
terminates and the breathing trace becomes diminuendo. The carbon dioxide 
changes are more gradual since the hemoglobin-carbon dioxide dissociation 
curve approaches a straight line. whereas oxygen exhibits little change 
as long as oxygen tension is in the normal region because at this point 
the oxygen-hemoglobin dissociation curve is almost flat. However. when 
the oxygen pressure becomes low, its dissociation curve is more vertical. 
Yfi thin this range the decrease in blood oxygen a:t the end of apnea and 
the increase in blood oxygen at the beginning of hyperpnea occurs with 
great abruptness• 
The changes in blood pH are significant. With onset of breathing 
there is a slight initial rise of pH as carbon dioxide decreases but soon 
a more acid pH obtains due to the sudden oxygenation of the hemoglobin. 
After the blood has become oxygenated. the pH becomes more alkaline from 
the continued loss of carbon dioxide. wath the more alkaline pH the diminu-
endo or latter portion of the hyperpneic phase obtains leading to the apneic 
phase wherein the blood rapidly becomes more acid• but there is little or no 
change in pH, perhaps even a slight increase in alkalinity since in addition to 
the increase in carbon dioxide level there is rapid conversion of oxyhemoglobin 
into the less acid reduced hemoglobin. The effect of the irregular behavior 
of the carbon dioxide tension and of the pH is to produce an overshooting 
both of hyperpnea and of apnea. Evidently the depressed sensitivity of the 
respiratory center is an important :factor in the production of Cheyne-Stokes 
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respiration since this condition may be noted in normal persons at the 
onset of sleep, being especially frequent in very young infants and in 
elderly patients. Ordinarily it causes no distress; but in persons with 
congestive heart failure who because of diminished vital capacity are 
already at the threshold of dyspnea, the onset of hyperpnea is likely 
to be associated with subjective respiratory distress. 
Cushing35 noted rhythmic alterations of the level of respiration 
in lesions associated with an increase in intracranial pressure which he 
explained as due to the "anemia" of the medullary centers as intracranial 
pressure approached arterial tension. The anemia of the vasomotor center 
stimulated it so that a rise of blood pressure resulted with restoration 
52 
of local circulation. Eyster noted that alternate periods of ·respiratory 
activity and apnea were associated with Traube-Hering waves of blood pressure. 
He classified clinical oases into two groupsa (1) oases with increased 
intracranial pressure showing a blood pressure rise during periods of respira-
tory activity and (2) oases with cardiovascular conditions showing a blood 
pressure fall during periods of hyperpnea. Thus, although association of 
Cheyne-Stokes respiration with intracranial lesions tends to confirm the 
hypothesis incriminating the respiratory center in this phenomenon, Eyster's 
work indicates that the periodic breathing of cardiovascular disease may 
be different from that occurring with anoxemia or intracerebral lesions. 
28 
Christie points out that even the respiratory irregularity 
differs in the two groups. In the cardiovascular group the cycle is of 
two to three minutes duration and there is a perfectly regular fluctuation 
in the level at which the patient breathes. In periodic breathing caused 
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by anoxemia or increased intracranial pressure, only four to five breaths 
may appear in each group of respiration, the regular waxing and waning 
of the respirations may be absent and there is little or no change in 
the respiration level (Blot's breathing). From what is known of the factors 
28 
which control the respiration level, Christie feels that this regular 
fluctuation noted in the cardiovascular group must mean a periodic change in 
pulmonary congestion. That this is not a totally baseless assumption is 
79 . 79 indicated by Harrison, and Harr~son and Wilkins who noted that periodic 
breathing may occur in the absence of any striking abnormality of the 
blood with no constant changes in blood carbon dioxide, oxygen, or pH. 
Nor is there less disagreement in the literature concerning 
acute pulmonary edema, both as to the clinical syndrome it connotes and 
as to its etiology and pathogenesis. 
Acute pulmonary edema is a •y.ndrome characterized by rapid 
flooding of the lung alveoli with a serous or serosanguinous fluid which 
occurs in a great variety of clinical states and may rapidly ·jeopardize 
the life of the patient. Its non-specific name has led to confusion with 
cardiae asthma or paroxysmal nocturnal dyspnea and with chronic pulmonary 
edema. It is associated with other than oases of cardiovascular disease. 
90 Henneman summarizes a variety of other etiologic conditions: toxic gas 
inhalation, drowning, uremia, pregnancy and toxemia of pregnancy, following 
thoracic or abdominal paracentesis, central nervous system damage or disease, 
epileptic seizure, acute infectious, toxic and drug factors, etc. Fiehberg58 
believee that pulmonary edema of renal disease is due to the accompanying 
cardiac weakness. 
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In oases with cardiovascular disease wherein ancillary signs 
of cardiac insufficiency obtain, it is most apt to be associated with 
cardiac asthma but the terms are not identical. The relationship is one 
of progression. Occasionally the nocturnal paroxysm of dyspnea associated 
with asthmatic or wheezing breathing becomes progressively worse as acute 
pulmonary edema develops. Al. though no sharp line can be dra1m between 
these two clinical phenomena. the attack of cardiac asthma being related 
to an exaggeration of the pre-existing degree of pulmonary congestion, 
the acute pulmonary edema occurring when the congestion becomes severe 
enough to cause passage of fluid through the capillary walls into the 
alveolar spaces. Then cough becomes more prominent, audible wheezing 
develops, dyspnea becomes predominantly expiratory, coarse rhonchi appear, 
fine moist rales are heard all over both lungs below the clavicles, coarse 
bubbling rales also appear, frothy pink sputum becomes abundant, heart rate 
and·. blood pressure :rises,·' an" cyanosis and tachypnea develop. The patient, 
in a. state of extreme distress, is literally drowning in the edema fluid 
which is exuding into the alveoli. The range of ~everity of this condi-
tion includes at its lower limits the minimal transudation into the alveoli 
that probably occurs in every instance of passive engorgement of the lungs 
not associated with clinical evidence of its presence to the fortunately 
less common fulminating form wherein the edema occurs so rapidly and is so 
intense that within a minute or two of crying out in fear the patient is 
drow.ned by the copious blood-stained fluid that pours into the respiratory 
passages and overflows frothing from the mouth and nose. 
- 63 -
There are two main schools of thought in the literature concern-
ing the etiology of this dreaded complication of cardiac asthma. One 
postulates a mechanical cause, the other a neurogenic basis. The former 
school dates back to Welch205 • 206 who in a large series of experiments in 
1878 produoed pulmonary edema experimentally in the rabbit by compression 
of the left ventricle or auricle and by ligature of the thoracic aorta. 
. -tf.y.J... ; " 
He concluded tbat "a disproportion between the working power of the left 
1\ 
ventricle and of the right ventricle of such character, that the resistanoe 
remaining the same, the left heart is unable to expel in a unit of time 
57 the same quantity of blood as the right heart." Thus, Fishberg in more 
recent times summarizes the views of this schools "The true domain of 
massive pulmonary edema is insufficiency of the left ventricle." 
172 
The neurogenic school dates back to Sahli who made observations 
similar to Welch but in dogs, and, being unable to produce pulmonary edema 
regularly, concluded that other factors in addition to the mechanical one 
were operating. Later many workers presented more positive data to sup-
54 port a neurogenic basis for this condition; for example, Farber induced 
pulmonary edema in rabbits following bilateral vagotomy. 53 In another report 
he stated he was able to induce pulmonary edema without vagotomy by the a~pli-
cation of 1% novocaine to the roots of both lungs in guinea pigs. 90 Luis ada 
working with rabbits was able to induce pulmonary edema using adrenal in.. The 
school favoring a neurogenic basis for acute pulmonary edema postulates a 
reflex arc wherein the hypertension (induced by epinephrine) in the cerebral 
and carotid vessels especially activates a reflex arc with the effector 
limb inducing a sudden increase in permeabilit.y of the pulmonary vessels 
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and resulting pulmonary edema. Luisada summarized the neurogenic 
theory: 
"According to this concept the attack is 
the result of acute congestion of the pul-
monar.y vessels followed by transudation in 
the alveoli. The immediate cause of this 
condition is an intense stimulation of the 
. vasodilator nerves of the lung due either 
; to a lesion of the nerve centers or to re-
flexes arising in the various viscera ••• 
a multiple reflex probably occurs in hyper-
tensive patients where the nerve receptors 
, of the aortic arch, the carotid sinus, and 
of the heart W811 are excited by distension. 
· A simpler reflex causing typical attacks 
' may occur in the stimulation • • • of the heart 
receptors (acute ischemia or in coronary 
) " ' occlusion ••• 
The supporters of the mechanical school present findings which 
tend to decrease the significance of the findings of the workers supporting 
179 the neurogenic concept. Short found pulmonar.y edema following vagoto~ 
in rabbits is inconstant and rarely severe when precautions are taken to 
prevent inhalation of regurgitated stomach contents. Surtshin, Katz and 
189 Rodbard found that the raising of intracranial pressure in dogs produced 
a condition grossly resembling pulmonary edema but which was proven to be 
due to aspiration of saliva since tracheotomy preventing passage of saliva 
dow.n the trachea to the lungs stopped this condition. Similar evidence in 
the rat was 
in rabbits, 
presented by Reichsman:63 Using intravenous adrenalin injections 
102 
Johnson found that as a result of peripheral vasoconstriction 
and rise in systemic blood pressure the left ventricle increases the force 
of contractions to compensate. The left ventricle is seen to go into sys-
tolic contraction but relax only slightly in diastole, while the right 
ventricle appears to contract more vigorously than normally. The result 
• 65 -
he feels is an obstruction to the circulatJon of blood on the lett side 
of the heart, but not the right side. This imbalance leads to overdistension 
ot the lung capillaries with resulting edema. Similar imbalance of right 
and lett ventricular outputs was noted by Auer7 following intratracheal 
administration of adrenalin. Perusal of the literature with even super-
ficial consideration of the conflicting results therein indicates that 
the etiology of acute pulmonary edama is not yet definitely established. 
Other types of cardiac dyspnea include the continuous dyspnea 
ot advanced congestive heart failure and the dyspnea associated with the 
complications ot cardiac disease like hydrothorax, ascites, pericardia! 
effusion, bronchopneumonia and pulmonary infarction which exaggerate the 
underlying conditions and are therefore added factors in the production 
of shortness of breath in cardiac patients. The mechanisms which are 
operative are similar to those outlined above as pertinent to the more 
tully discussed types of dyspnea. 
Table 13 which summarizes the foregoing discussion of the types 
of cardiac dyspnea and underlying conditions is from Harrison!8 Figure 2 
from Altsohule3 summarizes the mechanisms possibly operative in cardiae 
dyspnea. 
Name 
Dyspnea on exertion. 
Orthopnea. 
Evening dyspnea. 
Cheyne-Stokes 
respiration. 
Cardiac asthma. 
Continuous dyspnea. 
Dyspnea due to com-
plication 1 e. g. 1 
pneumonia and pul-
monary infarction. 
Characteristic Clinical Features 
Produced by muscular effort. 
Dyspnea partially or entirely 
relieved by sitting up. 
Not paroxysmal. Absent or mild on 
first awakening in the morning. 
Develops gradually during the day. 
Worse in the evening. May prevent 
patient from going to sleep. 
Repeated short paroxysms of dyspnea 
(hyperpnea) separated by dyspnea-
free intervals (apnea), appearing 
only or in exaggerated form at the 
onset of sleep. 
Paroxysms of dyspnea occurring after 
patient has been asleep for some 
time. Often associated with 
"asthmatic rales." Likely to lead 
to acute pulmonary edema. 
Present throughout the day. Worse 
at night. Relieved only by opi-
ates. Produces· cachexia. 
Usually occurs in persons with ad-
vanced congestive failure. 
Table 13: 
Underlying Cause 
Diminished ability to 
increase the cardiae 
output. 
Dilatation of the left 
side of the heart (from 
overwork or disease 
leading to back pressur1 
and congestion of the 
lungs with consequent~ 
decrease in respiratoey. 
reserve because of (a}~ 
decreased vital capaoit; 
and (b) reflex stimul~. 
tion or respiration. ~; 
Same as above but in ex~;· .. 
treme form. 
And also dilatation of 
right side of the heart 
with increase in venous 
pressure. 
Types of Cardiac Dyspnea 
Precipitating Causes 
t·Reflex stimulation of breathing from (a) muscu-
lar movements and (b) increase in venous 
, pressure; also acidosis with severe exertion. 
Assumption of recumbent posture, causing further 
·'· congestion of the lungs. 
Increased degree of pulmonary congestion in 
evening as compared to morning, bec.ause of 
l01" greater bodily activity when awake than when 
' ' 
: : asleep. 
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Remarks 
Kay occur alone. Patients with other 
types of dyspnea nearly always have 
dyspnea on exertion. 
llay occur alone. Nearly always ....., 
present with other types of 
nocturnal dyspnea. 
Orthopnea nearly always present. ~ 
Patients may also have cardiac ] 
asthma or Cheyne-Stokes respir- m 
ation. Sll 
"0 
'1 
m 
,~.,.~~~--------------------------------~~----------------~ ~dden decrease in sensitivity of respiratory 
0. 
0 g 
.. t;c 
· center at onset of sleep, causing apnea. In-
creased sensitivity of respiratory center on 
awakening, causing hyperpnea and dyspnea • 
·:.JIQ~requently cough. Also nightmares, desire 
,' ·. /for urination, abdominal distention, constip-
.. .ati on, hung~r, warmth, etc. On awakening the 
,. ·. ~isudden increase in sensitivity of respiratory 
,. center leads to increased ventilation which 
. ·causes additional congestion of the lungs. 
Possibly related (in some instances) to blood 
pressure ch$nges during sleep. 
Other types of nocturnal 
.dyspnea may also be 
present. 
other types of nocturnal 
dyspnea may also be 
present. 
.... 
::s 
~ 
& 
..... 
C4 
• "c ¥one necessary. The underlying cause is suffi- Is always associated with other types 
-~ ·~aently severe to produce it without additional' of cardiac dyspnea and sometimes 
:; 
f'aetors. with all the other types. 
I 
'FUrther decre+.se in vital capacity plus anoxemia 
(in some in$tances). 
I 
Above types of dyspnea are usually 
already present and are exagger-
ated by these complications. 
' 
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Figure 2: Mechanism of dyspnea in heart failure. 
From Altschule3 
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V. CARDIAC .ASTHMA 
Having discussed the pathological physiology of other forms of 
cardiac dyspnea, it is now possible to proceed through the fascinating 
but maze-like history of cardiac asthma in the literature and to evaluate 
critically the mechanisms proposed to explain this type of cardiac dyspnea. 
An attack of cardiac asthma starts usually during sleep, at a time when 
the patient is presumably enjoying maximal rest, so tha. t the explanations 
given for exertional dyspnea will not suffice. Similarly, the mechanisms 
explaining orthopnea are inadequate since the recumbent position assumed 
by the patient in nocturnal slumber is evidently above his orthopneic 
angle, at least early in sleep, since no respiratory discomfort may be 
encountered before the attack of cardiac asthma commences. What explana-
tions have been offered to account for these paroxysms of intense dyspnea? 
A. Etiology and pathogenesisa 
Eppinger, von Papp and Schwarz50 believe the precipitating factor 
is an in~eased venous return to the heart. Their view is based on the 
finding of an elevated circulation rate during an attack of cardiac asthma. 
62 What is responsible for the increased Te!lous return? Fraser argued that 
the 
Von 
the 
increased respiratory effort increases the venous return to the heart. 
Koranyi1100~· ie ~d shifts in body fluids (transudates or edema) in 
recumbent P. , ition~th resulting increase in blood volume to be the 
! 
f 
I 
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inciting cause of the attack as well as accounting for the nocturnal onset 
196 25 
of the paroxysms, which was the view taken by Volhard, Brunn, and Gollwitzer-
Meier~ The increased load on the right heart results in an increased blood 
flow through the pulmonary circuit but the output from the left ventricle, 
already at the limit of its reserve, is deficient. From a lack of ventricular 
balance, paroxysmal pulmonary congestion and dyspnea result. 168 Romberg 
based his explanation on deficiency in the coronary circulation; with the 
fall of blood pressure during sleep, decreased blood flow through the al-
ready narrowed sclerosed coronary arteries results in acute failure, presum-
ably of the left ventricle, and cardiac asthma. Boas and Goldschmidt19 
sh~wed ti1at movements during sleep cause an acceleration of heart rate 
averaging 10 to 20 beats per minute. In sleep with complete muscular re-
laxation there is considerable stagnation of blood in the veins. Any 
movements might then cause a sudden influx of blood to the heart and, 
especially in patients with venous stasis, could overtax an already over-
burdened left ventricle. Weiss and Robb204 pointed out that the venules 
as well as the arterioles are sensitive to the liberation of adrenaline 
and choline derivatives. Thus, excitement or any cause of increased autonomic 
activity during sleep could simultaneously elevate arterial pressure and 
cause constriction of small venules. Thus, not only would the overtaxed 
left ventricle have to work against increased resistance but more blood 
would be delivered to it by the right ventricle, which again would explain 
paroxysmal P¥lmonary congestion and dyspnea on the basis of ventricular 
imbalance. 
As in the other forms of cardiac dyspnea, various workers have 
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119 postulated reflex mechanisms to explain the paroxysmal onset, Longcope 
.198 
an aortic reflex, Wasserman a carotid-aortic-bulbar pulmonary reflex. 
169 Rosenbach ascribed paroxysmal dyspnea to cerebral arteriosclerosis which 
in similar fashion to Hofbauer's96 hypothesis of local spasm of arteries 
supplying the respiratory center bases the dyspnea on paroxysmal stimulation 
of the respiratory center. This is the so-called cerebral asthma for ·w:hich 
. . 28 204 . Chr1stle and We;ss and Robb failed( to".find an adequate basis to:permit a 
differentiation from cardiac asthma. 75 Indeed, Harkavy, who analyzed four 
cases of asthma associated with cardiovascular abnormalities, believed 
none was cardiac in origin. He based his view on the previous history of 
the patient, skin tests, freedom from attacks following desensitization, 
and in one case by cessation of attacks with the termination of the pollen 
season. These findings indicate the necessi~ of differentiating bronchial 
from cardiac asthma in the diagnosis of a severe nocturnal paroxysm of 
breathlessness. 
Perhaps more recent investigation will aid in indicating the 
cause of cardiac asthma. Riley, Himmelstein, Motley, Weiner and Cournand165 
using the catheterization technique found that in normal individuals exercise 
with resulting increased blood flow failed to induce an increase in the 
mean pulmonary arterial pressure. This indicated expansion of the pulmonary 
vascular bed by widening the existing blood channels and/or opening new 
ones. In patients with chronic pulmonary disease, exercise caused an in-
crease in pulmonary arterial pressure indicating the expansibility of the 
pulmonary vascular bed to be limited in patients with chronic pulmonary 
disease. A not too radical assumption is that a similar condition obtains 
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in patients with cardiac disease wherein the already congested pulmonary 
vessels limit any further expansion of the pulmonary bed during exercise. 
Perera and Berliner's152 diurnal studies of eight patients with paroxysmal 
dyspnea showed the attack took place at a time when maximal hemodilution 
was present; recumbency promoted an increase in blood volume as evidenced 
by a 10-15% decrease in serum proteins as well as a decreased hematocrit 
and cell count. 
The role of cerebral anemia in cardiac asthma is minimized by 
4 Altschule, Iglauer and Zamchek who were unable to explain the occurrence 
of paroxysmal dyspnea in oases of superior vena cava obstruction reported 
in the literature, since the reports were not clear as to whether the at-
tacks were true paroxysmal dyspnea or merely periodic breathing. One re-
port they reviewed, for instance, described three oases of superior vena 
cava obstruction associated with chronic fibrosis mediastinitis which al-
·though showing exertional or continuous dyspnea did not suffer from paroxysmal 
dyspnea. 
These more recent findings, therefore, support the view that the 
fundamental cause of cardiac dyspnea is inefficiency of the myocardium 
and that cardiac asthma follows a rapid onset of pulmonary engorgement 
reflexly initiating dyspneic respiration. From a review of the literature 
it seems that whether the backward failure theory of Starling, the forward fail-
ur& theory of Stead, Warren and Merrill or the variations proposed by Landis 
or McMichael and Sharpey-Schafer be the basic mechanism of heart failure, 
more agreement may be found in support of the etiologic association of 
left ventricular failure and pulmonary congestion than for the basic theory 
of heart failure itself. 
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197 Thus, in 1948, Warren, Brannon, Weens and Head 
stated that the localization of fluid in the lung of a cardiac patient 
given intravenous infusions was due to factors already tending to localize 
fluid in the lungs so that a large portion of the added fluid passes into 
lungs already moderately edematous. Once the lungs are sufficiently edema-
tous, they held, the dyspneic restlessness and anxiety which followed in-
creased the cardiac output and resulted in the trapping of an additional 
few hundred cubic centimeters of blood behind an inadequate left ventricle. 
The "forward failure" theory according to these proponents makes a signifi-
cant distinction between right and left ventricular failure. More recently 
Stead183 stated: 
"It would appear that in the usual patient 
with heart failure the concept of flooding 
of the lungs from left ventricular failure 
is a sound explanation for the pulmonary · 
congestion, but that available evidence is 
against the flooding of the systemic cir-
culation by right ventricular failure as 
a cause of the increased venous pressure 
and systemic edema." 
48 It is the considered opinion of the writer that a statement made by Ellis 
in 1943 is still valid: "The cause of paroxysmal cardiac dyspnea is not 
fully established, but no better explanation has been given than that of 
Weiss and Robb." 
"An attack of cardiac asthma is precipitated 
by an acute temporary imbalance between the 
function of the right and left ventribles. 
This loss of normal balance of function 
develops through a sudden relative failure 
of the left ventricle, whereas the right 
ventricle anatomically and functionally 
is either normal or comparatively normal. 
Anoxemia and insufficiency of the muscle 
of the left ventricle develops as a result 
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either of decreased coronary circulation 
or of increased work demanded from the left 
ventricle by the suddenly increased return 
of blood to the left side of the heart. 
In numerous instances among the cases studied, 
rise in the arterial pressure and increased 
respiration, with secondary increased return 
of blood to the right auricle, occurred 
simultaneously in the beginning or the attack. 
Coronary disease, and hypertrophy of the 
left ventricle, alone or in combination, 
are always present in patients suffering 
.from this condition. Arterial hypertension 
and aortic insufficiency with left ventric-
ular hypertrophy, arteriosclerosis of the 
left coronary artery, narrowing of the orifice 
of the left coronary artery due to luetic 
aortitis, acute thrombosis of the left coronary 
artery, and spasm of the coronary arteries 
are the most .frequent pathologic .findings in 
cardiac asthma." 
Weiss and Robb, therefore, based their explanation of caridac asthma on 
predisposing factors, more or less chronic in nature, which are acted 
upon by precipitating .factors which serve as triggers to initiate the acute 
paroxysmal attacks. 
The predisposing .factors. include an impaired left ventricle which 
induces a back pressure in the pulmonary circuit with or without .failure 
of the peripheral circulation. The engorged state of the pulmonary vessels, 
12, 13, 14 
the Lungenstarre of von Basch, induces a .functional emphysema 
of the lungs. Sleep with its horizontal position results in additional 
pulmonary engorgement. The coronary circulation in sleep can only be sur-
.mised but Weiss and Robb204 .felt that a consideration of pulmonary heme-
dynamics suggests some hindrance to the coronary arterial in.flow as well as 
to the venous return, particularly through the thebesian veins. 
The precipitating .factors act as a trigger on these predisposing 
bodily states and induce sudden and transient .failure or left heart which 
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as a result of the right and left ventricular imbalance traps several hundred 
cubic centimfters of blood in the pulmonary circuit and induces cardiae 
asthma. Any alteration which will increase the load on the left heart 
may serve as a precipitating factor. Thus, a change in position while 
asleep can result in an increased venous return; in slipping down in bed 
from his propped up (many pillows) position, the cardiac patient displaces 
additional blood from the splanchnic area to the pulmonary circuit so that 
an attack of orthopnea results. Similarly, patients with left ventricular 
disturbances frequently develop Cheyne-Stokes respiration at night. The 
sudden awakening at the beginning of a hyperpneic period and the marked 
increase in ventilation induces an increased blood flow to the chest which 
further embarrasses the deficient left ventricle. Harrison et a186 investi• 
gated patients suffering from cardiac asthma to ascertain the relationship 
with Cheyne-Stokes respiration. By observing hospitalized patients, it 
was found that many cardiac asthma patients do not show Cheyne-Stokes res-
piration. The patients without periodic breathing usually had their attacks 
~fter sleeping one or more hours; nome of them had their attacks coming on 
at the onset of sleep. On the other hand, those patients who showed periodic 
breathing developed their cardiac asthma attacks at the onset of sleep. 
The association in timing suggests that periodic breathing may induce an 
attack of cardiac asthma. 
Coughing, many patients relate, may initiate an attack. Harrison82 
points out that coughing is a rather violent muscular act and will induce 
an attack of exertional dyspnea. Aside from the increased oxygen consumption, 
the muscular movements~!! cause reflex stimulation of breathing. 
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Another effect of the cough is that it is associated with a rise in intra-
thoracic pressure with resulting distension of the extrathoracic veins. 
At the beginning of each inspiration following coughing there is a sudden 
inflow of blood into the right auricle which causes reflex stimulation of 
respiration. Thus, an accumulation of mucus during sleep can initiate 
the cough reflex and in turn precipitate an attack of cardiac asthma. 
Even without a paroxysm of coughing same patients may have re-
152 peated attacks. Perera and Berliner studied patients with paroxysmal 
dyspnea and found nocturnal hemodilution and increased blood volume in the 
recumbent position due to the resorption of tissue fluid. The coincidence 
of the onset of attacks with maximal hemodilution indicates the signifi-
canoe of an increased blood volume in initiating an attack. It also ex-
plains why some of these patients dread going to bed, preferring even to 
stand up leaning forward throughout the night~04 
Many workers57, 7B, 79 have commented on the precipitation of 
an attack by an unpleasant dream or nightmare, by abdominal distension, 
by a heavy evening meal, by excessive warmth of the environment, by noise 
2~ 
and by excitement. Weiss and Robb explain that these factors may induce, 
in the sleeping patient, a change from a state of relative depression to 
sudden hyperexcitability of vasoaotor, cardiac and other centers. There 
results a sudden elevation of arterial blood pressure with simultaneous 
constriction of the small venules202 controlling the blood depots. The 
increased venous return as well as the increased peripheral resistance 
will tend to favor acute embarrassment of the already impaired left ventricle 
with resulting pulmonary engorgement. 
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Weiss204 was impress.ed with the intimate relationship of mental 
stress and emotional states in the initiation of attacks. In an effort 
199 to show how serious the consequences of emotional excitement may be, he 
related the experience of a sixty-two year old porter who had been treated 
in the out-patient department for essential hypertension and who, during 
the previous two years, had suffered from six attacks of cardiac asthma. 
The patient walked into the hospital for a blood examination. 
"Although he oooperated fully, as he later 
stated, he was "nervous and frightened" in 
anticipation of the venopuncture. Following 
venopuncture under novocain the respiration 
became slightly deeper and more rapid. The 
patient looked rather anxious. A few minutes 
later diffuse perspiration broke out. The 
patient then suddenly sat up, apparently 
dyspneic. Rales and rhonchi were heard over 
the chest. The respiration soon became labored, 
with inspiratory retraction of the lower ribs. 
The color of the face became first grey, 
then increasingly cyanotic. The distress 
soon became alarming as the cyanosis was 
intense. There were signs of a marked pul-
monary edema. Before medication arrived 
the patient, strangling for air, suddenly 
became unconscious and respiration stopped 
with the thorax in a fixed inspiratory position. 
The heart was still beating slowly, but the 
reflexes disappeared and all muscles became 
rigid. The patient urinated involuntarily. 
The chest was so stiff that artificial res-
piration was induced with great difficulty. 
Five minims of adrenalin solution 1:1000 was 
administered intravenously, and one minute 
later the force of the heart had improved. 
The respiration gradually returned and the 
patient's general condition gradually became 
better. The oxygen saturation of the arterial 
blood during the attack of cardiac asthma 
was as low as 49%. This low saturation disap-
peared soon after the attack was over. The 
patient was then admitted to the ward where 
within two hours he had improved markedly. 
He then stated that in the precipitation of 
previous attacks of cardiac asthma, excite-
ment had played the most important role. 
During the past six months he has experienced 
no further attacks." 199 
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This·case demonstrates how excitement may precipitate an attack of cardiac 
asthma and jeopardize a patient's life. 
Granting that cardiac asthma is, as Weiss and Robb204 described 
it, due to left ventricular failure, there remains the necessity of ex-
plaining the occurrence of cardiac asthma in mitral stenosis wherein the 
right ventricle rather than the left is considered to be under strain. 
MCGinn and White127 offer a mechanism of relative left ventricular insuf-
ficiency. When the heart is speeded up by effort, excitement or paroxysmal 
tachycardia, the strong, enlarged right ventricle (in hearts with mitral 
stenosis but without failure) expels more blood into the pulmonary cireula-
tion than can be passed through the stenosed mitral valve in the same unit 
of time. Berconsky and Neuman15 studied fifty-one patients with mitr& 
stenosis and paroxysmal dyspnea with or without auricular fibrillation 
and concluded that the sudden pulmonary stasis is due to (1) shortening 
of the diastolic filling time of the ventricles and decrease of circulation 
to the ventricular muscle itself originated by tachycardia, and (2) the 
greater relative obstruction of the mitral orifice caused by the increased 
venous return to the heart. A case reported by Stein and Drisco11185 
supports the premise of McGinn, White, Berconsky and Neuman that cardiac 
hyperactivity may induce acute left ventricular failure. An eighteen year 
old white male, with a history of recurrent attacks of ventricular tachy-
cardia but no demonstrable organic disease of the heart, develops severe 
paroxysmal dyspnea with signs of early pulmonary edema following an alcoholic 
episode. Within a few minutes after emergency measures (morphine, digi~oline, 
phlebottomy and oxygen), the pulmonary edema subsided and the general condition 
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) 
improved. Thus 
~< patient with no 
with or without a stenotic mitral valve, in fact in a 
organic heart disease, relative insufficiency of the 
left heart in cases of increased output of the right heart can result 
in an imbalance of ventricular output and induce acute pulmonary congestion 
with severe paroxysmal dyspnea. These findings support the position of 
Weiss and Robb2a4 who considered cardiac asthma an integral part of the 
syndrome of left ventricular failure. 
B. Pathological anatomya 
There is a twofold lesion in cardiac asthma~ one is associated 
and varies with the particular underlying cardiovascular disorder, such 
as coronary artery disease, hypertensive, arteriosclerotic or luetic heart 
disease. The other and characteristic lesion common to all cases of cardiac 
asthma is that of passive pulmonary congestion resulting from pulmonaxy 
hypertension. The degree of histological change ranges from reversible 
transient dilatation of capillaries with little or no fibrous tissue re-
action in acute attacks of failure to the condition of brown induration 
of the lungs resulting from chronic enduring pulmonary hyperemia, typically 
found in mitral stenosis. 
Between these two extremes lies the pathological picture of the 
average case of cardiac asthma. The alveolar walls are thicker due to 
an increase in collagenous interstitial tissue, thickening of the capillary 
basement membrane, dilatation of capillaries and edema. The alveolar 
lining cells tend to assume a cuboidal shape. With continued hypertension 
in the pulmonary circuit, pulmonary vascular changes ensue which consist 
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of intimal thickening progressing to hyperplastic arteriolar sclerosis, 
and in some oases even. to arteriolar necrosis. 
P k d 1M • 11-+7 • t. i th 1 h . d d ar er an ne~ss, ~nves 1gat ng e ung o anges ~n a vance 
mitral stenosis, summarized their findings. 
The lesions in the pulmonary vessels consisted of (a) internal 
thickening of the arteries and (b) hyperplastic arteriolar sclerosis and 
arteriolar necrosis. The changes in the alveolar walls consisted of (a) 
marked dilatation of the capillaries, (b) increase in the thickness of 
the capillary basement membrane, (c) increase in interstitial tissue 
(collagen), (d) interstitial pericapillary edema, and (e) a tendency of 
the flat epithelial cells to become cuboidal in shape. The normal thick-
ness of 1 to 3 p of alveolar tissue through which oxygen and carbon dioxide 
have to diffuse can increase up to a thickness of 30 to 50 p. • Even in 
the presence of an advanced degree of thickening of the alveolar wall and 
of the capillary basement membrane, the alveolar basement membrane remains 
normal. With progressive pulmonary engorgement, first the visible oapil-
!aries increase in number and only later do they dilate. Often the oapil-
!aries become displaced and are separated from the alveolar surface by a 
considerable degree of edema or by thick layers of collagen. Perioapillary 
and intra-alveolar edema frequently develop independently. Permanent 
structural alterations in the lungs caused by circulatory failure interfere 
with gaseous exchange, partly through altered permeability of the alveolar 
wall, and partly as a result of the simultaneous passage through the indi-
vidual capillaries of numerous columns of red cells, instead of a single 
red cell. In the causation of pulmonary arterial and arteriolar lesions, 
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an important role is played by prolonged combined presence of {a) high 
intravascular pressure, (b) stagnation of blood flow, and (c) edema~47 
201 
Weiss was able to correlate the histologic and physiologic 
alterations in the lung with the associated symptomatology and physical 
findings and came to the following conclusions: 
(1) Pericapillary edema of the a1 veolar wall 
·can lead rapidly to the deposition of collagen. 
Judging from the behavior of the lungs in 
preeclampsia and eclampsia of pregnancy, 
collagen may be deposited in the edematous 
alveolar wall within two to three months, 
and subsequently presumably this collagen 
can become absorbed. If, however, the edema 
persists, permanent organic changes can oc-
cur in the alveolar wall. Thus, heart dis-
ease can cause first physiologic (reversible) 
and subsequently organic lung disease. This 
is seen in advanced cases of mitral stenosis. 
In these patients, not only are the capil-
laries markedly widened, but the alveolar 
wall is considerably thickened• This is the 
chief cause of central cyanosis in these 
patients. 
(2) A large amount of pericapillary (inter-
~titial) edema may be present in the lungs 
without intra-alveolar edema and without 
pulmonary rales. 
(3) In "primary" intra-alveolar edema the 
structure of the alveolar wall remains normal, 
and yet intra-alveolar filtrate diffuses 
freely through all layers of the alveolar 
wall. The physical signs consist of extensive 
bubbling rales. Rarely diffuse intra-alveolar 
edema may be unilateral or may involve but 
one lobe. 
{4) In some instances of left ventricular 
failure caused by arterial hypertension, 
attacks of paroxysmal dyspnea are associated 
with acute pulmonary engorgement and with 
progressive histologic changes which in the 
past have been erroneously looked upon as 
"organizing pneumonia." 
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(5) Roentgenologic studies of pulmonary 
0ongestion and edema indicate that the dis-
tribution of edema varies in different types 
of congestive failur~. In "general" failure 
of the heart the congestion and edema are 
dependent ("basal"). In pure left ventricu-
lar failure the congestion and edema are 
often hilar and perihilar, with progressive 
fan-shaped distribution. The base of the 
lungs often remains relatively normal. It 
is of interest, that usually the congestion 
and edema start over the right lung and re-
main more intense over this side. This is 
significant in view of the fact that right 
hydrothorax usually precedes left hydrothorax. 
(6) During and innnediately following an 
attack of cardiac asthma or pulmonary edema, 
as shown by roentgenograms, various bizarre-
shaped distributions of edema can appear. 
These changes may disappear within 24 to 48 
hours. Obstruction of lymphatic drainage 
is one factor which influences the persist-
ence of edema within certain areas of the 
lungs. · 
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VI. CLINICAL FEATURES 
Few clinical pictures are more dramatic and terrifying to both 
patient and onlooker than a severe paroxysm of cardiac asthma. It occurs 
most often at night some hours after the patient has fallen asleep. The 
patient, usually a man and about six~ years of age, goes to bed feeling 
perfectly well. Past history of the patient may reveal some slight 
breathlessness or substernal pain on exertion but usually is of slight 
degree. Pratt159 noted that 13 out of 39 cases, or 33 1/3%, had no symptoms 
referable to the heart prior to the initial attack of cardiac asthma. 
A. The attack: 
The usual description given by the patient is that he slept 
soundly until he was awakened from sleep with a sense of suffocation and 
oppression. In the mildest attacks, a few deep breaths and perhaps the 
coughing up of a little viscid sputum dispel the sense of suffocation and 
the patient drops back to sleep within a few minutes. 
In moderately severe attacks, the sense of suffocation causes 
120 
the patient upon awakening to spring upright in bed. If the oppressive 
feeling contin~es, he sits at the side of the bed with his feet hanging 
over the side or gets up and walks over to an open window where the patient 
breathes more and more forcibly until the attack begins to subside. As 
the attack ceases the patient may begin to cough, at first dry and non-
productive, but after a short time a little thick mucus is raised, occasion-
ally tinged with blood. The breathing becomes easier and the patient 
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returns to bed and sleeps fairly well the remainder of the night. The 
average duration of a mild or moderate attack is one half hour. 
In more severe paroxysms the dyspnea is intense. The patient 
sits upright in bed grasping the sides to aid the accessory muscles of 
respiration by fixing the shoulder girdle. The breathing is very rapid, 
regular or irregular. Often the breathing is not especially noisy, in 
other cases wheezing is audible at a distance as in bronchial asthma. 
The air hunger may be so intense that the patient will not interrupt his 
breathing for even an instant to answer a question. The face often bears 
an agonized expression, the victim relating after the seizure the fear 
of suffocation he experiences with the attack. Although a cough may be 
followed by expectoration of bloody mucus and termination of the attack, 
in some seizures pulmonary edema develops and pink frothy albuminous 
sputum may be brought up. If this becomes pronounced, copious edema fluid 
pours out of mouth and nose and cyanosis develops. If, however, peripheral 
circulatory collapse complicates the seizure, an ashen gray pallor associ-
ated with a cold, sweaty skin develops. Thus, death may ensue from asphyxia 
or from a state of shock. 
B. Clinical types of cardiac asthma: 
Pratt159 described four clinical types of cardiac asthma. The 
first he called pure cardiac asthma with mild to severe attacks. The 
latter consist of agonizing paroxysms of suffocation, often associated 
with a sense of impending death. These attacks are fortunately much rarer 
than the mild attacks which are often mistaken for bronchial asthma. 
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The second or mixed anginous form is a combination of cardiac asthma with 
angina pectoris. Whereas in pure angina pectoris there is no respiratory 
embarrassment, and in pure cardiac asthma no pain, attacks are not uncommon 
that may be regarded by one observer as angina pectoris with dyspnea and 
by another as cardiac asthma with pain. The third or mixed edematous 
form is cardiac asthma with pulmonary edema. The fourth or combined form 
is characterized by attacks of cardiac asthma associated with both angina 
and pulmonary edema. 
c. Condition between attackst 
The circulatory state and the associated degree of disability 
between attacks varies widely. The cases range from those patients who 
suffer their first nocturnal attack after the usual daily labor to patients 
with constant disability due to dyspnea and orthopnea requiring almost 
90° of elevation. Weiss and Robb204 summarized their findings from a 
study of eighty-two patients with severe attacks. 
"A study of the peripheral circulation as 
measured by the stroke and minute volume 
output of the left ventricle, the velocity 
of the venous blood flow, the oxygen differ-
ence between arterial and venous blood ob-
tained from the femoral vessels, as well 
as observations on the venous pressure and 
the absence of palpable liver and peripheral 
edema, indicated that in the majority of 
instances the peripheral circulation was 
essentially normal. In another and smaller 
group, the cardiac output was diminished, 
the velocity of venous blood flow moderately 
slowed and the oxygen difference between the 
arterial and venous blood of the extremities 
increased, indicating a decreased peripheral 
blood flow. We would emphasize that pro-
nounced disability and orthopnea were fre-
quently associated with normal venous 
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pressure and adequate peripheral circulation, 
indicating a lack of correlation between 
these two functions of the circulation. 
"The state of the pulmonary circulation was 
evaluated by measurements of the volume of 
blood flow through the lungs and by the 
maximal and mean velocity of pulmonary blood 
flow. The method used allowed the calcula-
tion of the "crude blood volume in the lungs." 
The oxygen saturation of the arterial blood 
also served as an index of the efficiency 
of the pulmonary circulation. The results 
of these studies show that the velocity of 
pulmonary blood flow, particularly the mean, 
was usually decreased. The pulmonary dye 
curve was flattened and prolonged, indicating 
marked differences in the velocity of blood 
flow through the various pathways of the 
pulmonary circuit. There was also a tendency 
for the amount of blood in the lungs to be 
increased." 
The condition of the lungs between attacks of cardiac asthma 
. 2~ 
was also summarized by Weiss and Robb. 
"In at least 63% of the oases presenting 
pronounced cardiac asthma the clinical ex-
amination of the lungs showed marked signs 
of emphysema, such as increased antero-
posterior diameter of the thorax, increased 
resonance, diminished breath sounds, partial 
or complete obliteration of the absolute 
cardiac dulness and diminished movement of 
the diaphragm. In 10% of the cases, bron-
chitis or bronchiectasis was also present. 
The total volume of the pulmonary air space 
was usually diminishedwith an average of 
4,442 cc. instead of 6,760 co. The vital 
capacity was considerably diminished; it 
was 2,406 co. instead of 4,940 co. The 
average value for the residual air was 
2,036 oc. instead of 1,820 co., and the 
ratio between the vital capacity and the 
residual air was 1.18 instead of 2.8 found 
in normal subjects. 
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"These changes in the pulmonary air spaces 
can be explained, to a large extent, as be-
ing secondary to circulatory changes in the 
pulmonary vessels. In a control group of 
cardiac patients without asthma and with a 
greater degree of disturbance in the pulmo-
nary circulation we often observed a lesser 
degree of disturbance in the physiologic 
state of the air spaces tha~ in the cases 
presenting cardiac asthma; in the latter 
group, therefore, secondary functional em-
physema is superimposed on a chronic em-
physema. The existence of this secondary 
emphysema, as a result of engorgement and 
capillary hypertension of the pulmonary 
circuit, has also been substantiated by the 
observation of a constant improvement be-
tween vital capacity-residual air index and 
vital capacity under rest, digitalis and 
dehydration therapy." 
Electrocardiographic, roentgenologic and fluoroscopic findings 
in general were indicative of left ventricular strain. Pratt159 found 
the heart enlarged to the left in 28 oases, to the right in 2 cases 
which follows from the usual association of this condition with primary 
left ventricular strain. Weiss and Robb found similarly that the electro-
cardiogram gave evidence of left ventricular preponderance in 70% of their 
cases. These findings are not uniquely associated with cardiac asthma 
per!! but are indicative of the underlying cardiovascular disorders which 
may induce both the symptoms of paroxysmal dyspnea and these signs of 
left ventricular preponderance. In like manner, the fluoroscopic and 
t 1 • fi d · f W i and Robb204 are th f 1 roen geno ogle n 1ngs o e ss ose o pu monary congestion. 
"These observations ••• revealed with regu-
larity an enlarged hilar shadow with a fan-
like radiation toward the periphery and 
particularly toward the base of the lungs. 
The diaphragm was low and the excursion 
diminished. The border of the left ventricle 
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showed but slight excursion, which contrasted 
vividly with the good excursion of the right 
cardiac border in the left oblique position. 
With effective therapy the hilar shadow caused 
by engorgement diminished or disappeared, 
the lung field became clearer, and the normal 
relationship between the pulsatile expansion 
of the two ventricles returned. Notwith-
standing.the intense engorgement of the lungs, 
rales were in many cases either few or absent, 
indicating lack of excessive transudation 
of serum into the alveoli. In some instances 
with absence of rales, the large amount of 
blood in the lungs measured in life and found 
post-mortem was striking. 
nThus, between attacks, the pulmonary circu-
lation showed engorgement of the vascular 
bed, whereas the peripheral circulation was 
essentially normal." 
D. Condition during an attack: 
The circulatory state during an attack is characterized by an 
acute accentuation of the pulmonary congestion obtaining between attacks. 
"The heart action during an attack was in-
variably rapid, with a tendency to embryo-
cardia, but arrhythmias as a rule did not 
develop. In three instances in which elec-
trocardiograms were obtained during seizure, 
no essential change in conduction time, ven-
tricular complex or the electrical axis was 
observed. 
"The peripheral circulation during attacks 
showed variable changes. Usually the volume 
output of the heart either remained the same 
or became decreased; in no case was there 
an increase. The oxygen difference between 
the arterial and the venous blood of the 
extremities showed no constant change. 
There was a tendency for the velocity of 
the peripheral venous blood flow to be ab-
solutely or relatively increased. The ar-
terial blood pressure, with rare exception, 
was elevated, usually to a striking degree. 
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The venous pressure remained the same as 
before the attack or became moderately ele-
vated. The oxygen saturation of the arterial 
blood became slightly or markedly reduced, 
depending on the severity of the pulmonary 
edema and bronchospasm; at times such low 
values as 40 to 50 per cent of saturation 
were obtained. Thus, although in the very 
severe and prolonged attacks particularly 
there was venous congestion with normal or 
reduced velocity of blood flow, it is sig-
nificant that the venous pressure and the 
velocity of the peripheral blood flow usually 
remained fairly normal. 
"The pulmonary circulation was characterized 
by intense engorgement and hypertension. 
A distinct accentuation of the pulmonary 
second sound usually occurred. The volume 
of blood flow through the lungs during the 
attacks generally remained unaltered or was 
decreased. The velocity of the pulmonary 
blood flow was regularly diminished during 
the attack; this was particularly true of 
the mean velocity of blood flow as indicated 
by the prolongation of the dye distribution 
curve. These changes, together with the 
tendency to pulmonary edema, indicate that 
the main characteristic of the pulmonary 
circulation during an attack is not an al-
teration in the volume of blood flow through 
the lungs but rather an increase in the vol-
ume of the pulmonary vascular bed and rela-
tive stagnation of blood, with acute hyper-
tension of the pulmonary circuit and trans-
udation of serum. Thus, the difference 
between the peripheral and the pulmonary 
circulation already noted between attacks 204 becomes further accentuated during the attack." 
The condition of the lungs as described by Weiss and Robb204 
includes a finding of bronchospasm which accounts for the wheezing 
respiration. 
"A forced inspiratory position of the thorax 
with evidence of pulmonary congestion, later 
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with edema and spasm of the bronchi, is present. 
The lungs appear to be overdistended. The 
orthopnea usually becomes maximal • Measurement 
of the lung volume and residual air during 
the attack is not feasible; but the fact that 
the vital capacity is considerably further 
reduced, even in the milder attack without 
gross bronchospasm, indicates that the physio-
logic state of the air spaces, and thus the 
aerating function or the lungs, is acutely 
disturbed. The oxygen unsaturation of the 
arterial blood, often of marked degree, is 
an evidence of the poor pulmonary ventilation 
of the lungs. The low position of the dia-
phragm, with high·inspiratory position of 
the thorax, speaks ror an increase in the 
volume of the thorax during the attack. This 
increased thoracic volume is occupied in part 
by increased amount or blood in the vascular 
bed, in part by transudation of edema fluid 
into the pericapillary and intra-alveolar 
space, and, in addition, probably by an 
increase in the total volume of free air 
space. Thus, an acute functional emphysema 
is precipitated and superimposed on the 
preexisting emphyse~a •. Such an unfavorable 
relationship between the pulmonary circulation 
and the bellows function of the lungs creates 
a situation which obviously leads rapidly 
to a state of suffocation." 
E. Clinical course: 
The duration of the attack varies within rather wide limits. 
It varies from the mildest cases, wherein a patient awakens with a sensa-
tion of respiratory oppression to draw a few deep breaths which terminates 
the episode, to severe cases with agonizing dyspnea for hours or even days~7 
The average duration, however, is about one hour~59 To be compatible with 
life the duration of the acute failure of the left ventricle must be for 
a short time, seconds to minutes. Following this, the balance between 
the output of the two ventricles is reestablished but the blood trapped 
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in the lungs remains there until the left ventricle can expel more than 
the right delivers to the lungs so that dyspnea may continue after ven-
tricular balance is reestablished. 
The primary mechanism leading to spontaneous termination .of most 
attacks is that initiated by the patient assuming the upright position. 
By decreasing the venous retur.n to the right heart and improving the pul-
monary circulation, the left ventricle is allowed to oper~te under a smaller 
load and to deplete the excessive volume of blood in the lungs. 
In severe attacks, secondary failure of the right ventricle may 
provide spontaneous venostasis. In the extreme attacks, all the clinical 
and circulatory manifestations of shock may supervene. The fall in arterial 
pressure, peripheral pooling of blood and the decreased venous return de-
crease the burden on the left ventricle and terminate the attack by permit-
t . t f f bl d f th 1 t th t . . 1 t' 28 • 204 ~g rans er o oo rom e pu monary o e sys em1c c1rcu a 1on. 
Weiss and Robb204 point out that this is "an example of a regulatory mechan-
ism in diseases in which one type of serious derangement induces another, 
which in turn indirectly rectifies the first imbalance." 
To induce termination of an attack with therapy is important for 
two reasons. It behooves the physician to limit the duration of the paroxysm 
and thereby reduce the patient's sufferings. Equally important is the 
realization that although spontaneous recovery from an attack occurs in 
the majority of cases, some seizures may end fatally. 
Therapeutic efficacy must be calibrated against the potential 
ability of a technique to reduce pulmonary congestion and improve left 
ventricular function. Techniques and agents that favorably modify the 
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course of an attack of cardiac asthma may fulfill these objectives by re-
ducing peripheral venous return, decreasing peripheral vascular resistance, 
improving coronary blood flow, by relaxing the bronchioles and by abating 
excitement and depressing reflexes. 
The sequelae and complications of cardiac asthma, in general, 
depend upon the severity, duration and frequency of the attacks. The olin-
ical course of a patientwith very infrequent mild seizures will be that 
of the underlying disease process. Patients with the more severe and 
frequent attacks will exhibit alterations in their condition due to cardiac 
asthma per ~· 
One effect of repeated attacks of nocturnal dyspnea is an increase 
in work load which a failing heart can ill afford. In addition to the 
muscular activity associated with labored respiratory movements, the mental 
trauma of repeated attacks of suffocation and the associated fear of death 
may also aid in hurrying the progression of the underlying disease process. 
Thus, even in the absence of the signs or symptoms of failure between attacks, 
the disturbed sleep with resulting fatigue and irritability predisposes 
to further attacks and completes a vicious circle. .Another complication 
of cardiac asthma, which follows repeated use of morphine to permit the 
patient with frequent attacks some rest, is drug addiction. 
192 
Thompson and White studied 704 oases with right ventricular 
hypertrophy and showed that left ventricular strain is the commonest cause 
(61%) of hypertrophy of the right ventricle. This effect is not due to 
cardiac asthma~~ but results from the underlying pathological state 
which induces both the left ventricular strain and the cardiac asthma, 
.. 
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such as hypertension or aortic regurgitation. As the pathological process 
progresses, attacks of cardiac asthma may disappear when severe peripheral 
congestive failure develops as a result of secondary failur~ of the right 
ventricle. 
There are the complications of the severe attacks that end 
in the death of the patient, acute pulmonary edema and peripheral circulatory 
collapse. Although recorded instances of death during an attack are unusual, 
Fishberg57 points ·out that it is to be presumed that in the most severe 
bouts of cardiac asthma death occurs before the physician arrives. He 
continues, "••• there are patients who survive dozens of severe attacks, 
including a number with manifest pulmonary edema. Those cases in which 
the pulmonary edema is massive with abundant expectoration have a very 
serious prognosis, though even here recovery may occur on a number of 
occasions." 
F. Associated conditions: 
The syndrome of left ventricular failure which is intimately 
ass~ciated with cardiac asthma204 has other characteristic signs and 
symptoms which aid in recognizing failure of the left ventricle without 
211 failure of the right ventricle. White and McGinn itemized these as: 
(1) cardiac asthma 
(2) protodiastolic gallop rhythm 
(3) pulsus alternans (4) cardiac dyspnea without engorgement 
of the systemic veins 
(5) diminished vital capacity without extra-
cardiac cause 
(6) increase in the lung hilus shadows by 
roentgen ray in presence of strain 
on the left ventricle (7) increasing accentuation of the second 
pulmonic sound 
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.weiss and Robb2~4 added other electrocardiographic signs characteristic 
of the underlying cardiovascular pathology (chiefly: arterial hypertension, 
coronary sclerosis and thrombosis and syphilitic aortitis) including left 
ventricular·preponderance and changes in S-T complexes indicating coronary 
and myocardial disease. Bundle branch block occurs in an appreciable number 
of cases. 
The intirrate relationship of cardiac asthma to angina pectoris 
was noted by Pratt159 who found that of 39 patients with cardiac asthma 
15 had anginal attacks at some stage in their illness while 8 of the 39 
1~ had angina during attacks of cardiac asthma. Kahn considered paroxysmal 
dyspnea a prodromal symptom of angina. Heberden88 in his studies of angina 
failed to acknowledge this relationship. 2~~ . Weiss and Robb expla2n the 
absence of respiratory distress in the typical case of angina as due to 
a lack of pervious pulmonary engorgement and predominance of pathological 
changes in the left ventricle. During the attack of angina if both ven-
tricles become involved to the same degree, acute pulmonary engorgement 
does npt develop. Corroborating this is the case with classic angina but 
without cardiac asthma which following left coronary thrombosis develops 
cardiac asthma. It seems entirely reasonable that clinically these condi-
tions coexist when it is realized that there is considerable parallelism 
between the underlying pathology of the two conditions. 
The clinical equivalex1ts of cardiac asthma or cardiac asthma 
in its prodromal or milder forms are not infrequently observed. Wheeler 
d W~·t 208 . t th t an ru2 e po2nt ou at here are patients with left ventricular failure 
and pulmonary vascular congestion in whom the principal complaint is insomnia 
.• 
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with little or no shortness of breath. In such cases the insomnia is likely 
to be misjudged and ascribed to some cause other than heart failure. Pratt159 
presented two similar conditions: paroxysmal nocturnal cough and paroxysmal 
nocturnal anxiety. The cough may be unaccompanied by dyspnea, chest pain 
or expectoration of sputum. A sense of indefinite anxiety causes the patient 
to spring out of bed although no pain, cough, breathlessness or sense of 
suffocation is experienced. After: a short interval of five to fifteen 
minutes they go back to bed and soon fall asleep. Pratt felt these.condi-
tions are closely related to cardiac asthma. Their obviously similar 
paroxysmal nocturnal nature probably indicates a common etiology. Weiss 
204 
and Robb included paroxysmal nocturnal palpitation and Cheyne-Stokes 
respiration as equivalent manifestations of mild cardiac asthma, believing 
them often to be forerunners of severe cardiac asthma. 
The significance of recognizing these conditions as clinical 
equivalents of cardiac asthma is appreciated by the physician who unsuccess-
fully attempts with barbiturates to control a complaint of insomnia. By 
correctly interpreting the presenting complaint of sleeplessness, the 
physician recognizes the early signs of heart failure and avoids delay 
in giving prompt and adequate treatment. 
G. Differential diagnosis: 
Cardiac asthma is to be differentiated from other conditions 
which may be associated with paroxysmal, perhaps nocturnal, respiratory 
seizures. These include acute coronary thrombosis, pulmonary embolism 
and infarction, angina pectoris, paroxysmal rapid heart action, pulmonary 
edema, periodic respiration and bronchial asthma. 
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A sudden attack of dyspnea may occur in acute coronary thrombosis 
as well as in pulmonary embolism or infarction. The latter is usually, 
although not necessarily, associated with chest pain and hemoptysis. The 
pain associated with acute coronary thrombosis has the characteristic radi-
ation to the arms; in addition, a picture of shook frequently obtains. 
Electrocardiographic information, clinical evidence of a source of emboli 
or a history of recent operation may aid in diagnosing the cause of the 
dyspneic episode. 
Angina pectoris is less typically associated with respiratory 
distress. The distribution of the associated pain, the character of the 
substernal distress and the relation to exertion will usually aid in deline-
ating an anginal element in an attack combining respiratory and substernal 
distress. 
Even a sudden increase in heart rate may quickly produce air 
hunger, especially if the paroxysmal rapid heart action occurs in a patient 
who already has organic cardiovascular disease. In cardiac asthma the 
heart rhythm remains normal or only slightly accelerated, whereas in the 
paroxysmal tachycardias, the rate is very rapid and may be regular or ir-
regular. 
Pulmonary edema of extra-cardiac origin lacks the ancillary signs 
of cardiovascular disease. In cardiac disease, more or less transudation 
into the alveoli occurs in every instance of passive engorgement of the 
lung; such histological edema is often not sufficiently extensive to produce 
clinical pulmonary edema. Thus, frank pulmonary edema of cardiac origin 
is but a later stage of the process of pulmonary congestion to which an 
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attack of cardiae asthma may progress so that the differentiation is aca-
demic. 
Cheyne-Stokes resp,iration wherein neither the apneic nor hyperpneic 
phase is associated with respiratory distress or dyspnea presents no problem. 
Where restricted pulmonary ventilation capacity converts the hyperpnea 
to dyspnea, repeated attacks of respiratory distress niay be noted at the 
onset of sleep. The periodic or repeated nature of these paroxysms makes 
the diagnosis in this case and differentiates periodic breathing from cardiac 
asthma. However, as Ma.cKenzie123noted, a patient may and often does suffer 
from both conditions, cardiac asthma and periodic breathing. The signifi-
canoe of the coexistence of these two conditions lies in the fact that 
the hyperpneic phase of periodic respiration may awaken the patient and 
86 precipitate an attack of cardiac asthma. 
The main diagnostic problem resides in the differentiation of 
cardiac from bronchial asthma •. It is important to recognize that the aver-
age case of cardiae asthma has an element of bronchospasm as evidenced 
by the wheezing respirations and the tendency to an inspiratory position 
28 
of the chest. In some cases, more properly called paroxysmal nocturnal 
dyspnea, the bronohospastic element is missing, whereas in others the 
bronchospastic element may dominate the clinical picture and make difficult 
200 
a differentiation of cardiac from bronchial asthma. 
The presence of wheezing in an attack of paroxysmal nocturnal 
d . di t 11 . . d" vid 1 d" t h 1161 ' l90 yspnea ~n ca es an a erg~c ~ ~ ua accor ~ng o one so oo , 
while another school contends that bronchospasm may occur in individuals 
with no personal or family history of allergy, being precipitated only 
b h t . 92 y t e pulmonary congas ~on. 
- 95 -
Many elinical and 1 aboratory findings have been eompared in an 
104 
effort to differentiate cardiae from bronchial asthma. Kahn points 
to differences in the duration of the attacks believing those of cardiae 
asthma are shorter. The rales of bronehial asthma are loud, whistling 
and profuse moist rales, especially during expiration, he claims, whereas 
in e~rdiac asthma these are lacking exeept when the attack progresses term-
1 92 157 inal~y to pulmonary edema. Heyer and Plotz, however, consider differ-
! 
enti~tion on the basis of pulmonary auscultatory findings not adequate. 
Nor ~oes the latter concur with Gross• 69 work which indicated that the 
I 
I 
decr~ase in vital capacity caused predominantly by cardiac disease is 
I 
I 
chartcterized by changes in expiration time, expiration velocity and a 
mark~d deorease.of expiratory pressure, whereas vital capacity reduction 
I 
seoofdary to pulmonary disease shows.a normal or hardly altered expiratory 
presfure associated with more marked prolongation of expiration time and 
a mote pronounced decrease in expiration velocity. Plotz found that ex-
' 
pira~ion pressure deereased and expiratory time prolonged in either eondi-
tion~ 
Harkavy75 studied four oases of cardiovascular disease with a 
. hist~ry including nocturnal dyspneic attacks which he believed were not 
. due 1o organic cardiovascular disease on the basis of history, skin tests 
and ~elief from attacks obtained with desensitization or with termination 
I 
of t~e offending pollen season. 10 Kahn was inclined to view the attacks 
I 
of to/o cases as cardiae in origin, holding that the'positive reactions of 
pati+nts by cutaneous tests to protein substances is no definite indica-
1 
tionlthat asthma is bronchial. The cause and effect relationship of the 
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termination of the hay fever season and :relfe.f from attacks -whioh is assumed 
by Harkavy is also open to criticism inasmuch as spontaneous remission of 
attacks of cardiac asthma is characteristic. 
Eosinophilia is a clue to the diagnosis of bronchial asthma but 
it may occur in other conditions or in heart failure complicated by bronchial 
156 
asthma. Roentgenography may be useful but is rarely conclusive. 
Differentiation on the basis of response to pharmacologic agents 
157 161 is inadequate. Plotz dissents from the currently held idea that 
cardiac and bronchial asthma can be distinguished by the response to adrenalin. 
91, 92 
Heyer obtained relief in either condition by administration of intra-
venous aminophylline. 
156 
Plotz found that the measurement of the circulation time to 
be the most satisfactory method for differentially diagnosing these two 
conditions. With 1 eft ventricular insufficiency, with or without slowing 
of systemic venous flow, total time fron arm-to-tongue is increased due 
to decreased blood velocity in the pulmonary circuit. This, he believes, 
accounts for the normal or increased arm-to-tongue circulation tim~ in 
bronchial asthma, whereas, in left ventricular failure the total time was 
characteristically prolonged. He, therefore, presents this test of circu-
lation time, which can be done at the bedside, as the quickest and easiest 
m~thod of differentiating paroxysmal dyspnea of cardiac origin from that 
of allergic origin. 
116 
Levine points out the significance of correctly distinguishing 
the causative condition in an attack of paroxysmal dyspnea; the prognosis 
and treatment will depend a great deal upon this distinction. Although 
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dyspnea due to bronchial asthma is distressing, it comes and goes and is 
compatible with a long and fairly useful life, whereas when it is a result 
of cardiac failure the outlook is very grave. Digitalis is indicated for 
cardiac asthma but is useless in bronchial asthma. He cites a case of 
a mother of a physician who lived ten years after the onset of mostly noc-
turnal attacks of dyspnea who never developed congestive heart failure, 
although occasionally suffering recurring bouts of bronchial dyspnea. 
In addition to indicating prognosis and therapy, a correct diagnosis will 
permit the bronchial asthma patient to continue to be gainfully employed, 
especially the ambulatory patients of an out-patient clinic who tend to 
belong to a lower economic strata of life, whereas there comes a time 
when bed-rest is indicated for the cardiac patient. 
In a number of oases differentiation between cardiac and bronchial 
asthma cannot be made. With bronchospasm possible in both conditions, 
neither the condition of the lungs nor the response to bronchial relaxor 
drugs can serve as an adequate differential aid. Thus, the main difference 
is not in the condition of the lungs but in the underlying disturbance 
in pulmonary hemodynamics which characterizes cardiac asthma. 
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VII. PROPHYLAXIS AND TREAT1ENT 
A. Treatment of the attack: 
The efficacy of measures which are effective in terminating an 
attack of cardiac asthma depends primarily on their capacity to aid in 
the restoration of left ventricular function and to reduce pulmonary con-
gestion and bronchospasm. A severe attack demands prompt and energetic 
treatment which may utilize physical and chemical measures. 
The physical measures include assumption by the patient, usually 
spontaneously, of the upright position. A chair with a back rest or pillows 
for support should be provided. The patient may prefer to stand or bend 
his head slightly forward. These various upright positions improve the 
action of the diaphragm, avoid an increase in pressure in the pulmonary 
veins, decrease venous return to the heart and thereby decrease pulmonary 
congestion and improve ventilatory capacity of the lungs. 
Peripheral venous stasis by application of tourniquets to the 
proximal portions of the limbs is one of the most effective therapeutic 
203 
measures. In emergencies, rubber tubing, towels or bandages may be used. 
Ideally, a sphygmomanometercwith four cuffs allows tbe application of the 
proper pressure which is jus~ above the diastolic blood pressure~9 The 
duration of application is for ten to fifteen minutes, with gradual release 
from one extremity at a time for one imnute if additional peripheral veno-
stasis if necessary. Relief is usually apparent within one to three minutes. 
This technique relieves pulmonar,y congestion by shunting blood to the ex-
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tremities and at the same time affords an opportunity for the failing left 
ventricle to recover or at least carry a reduced work load. Ebert and 
45 . 
Stead showed that application of multiple tourniquets temporarily reduced 
circulatory blood volume an average of 720 co. 
203 
Weiss and Robb suggested that pressure on the carotid sinus 
may temporarily improve or occasionally relieve an attack due to the de-
pressor reflex associated with a fall in blood pressure and slowing of 
the heart. The diminished blood flow to the heart and the lowered peri-
pheral resistance aids in the re-establishment of the balanced function 
of the two ventricles. The efficacy of this technic depends on the sensi-
tivi ty of the reflex which varies considerably in different patients. 
Venesection is an effective measure particularly if peripheral 
venous engorgement or pulmonary edema is present. Rapid withdrawal of 
250 co. to 750 co. of blood from an arm vein by phlebotomy reduces the 
venous return to the heart and decreases the viscosity. The amount of 
blood removed will depend on the relief of dyspnea and should be guaged 
by venous pressure determinations. Although less dramatic, the results 
are more lasting than those of peripheral venous stasis. If anemia ia 
187 
present, this measure is contra-indicated. Not only does this measure 
relieve pulmonary congestion but an increase in cardiac output results, 
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as noted by cardiac catheterization techniques. 
Various pharmacologic agents may be used in treating an attack. 
Traditionally, morphine is almost specific in cardiac asthma. Palmer and 
Whit~ ~ieved 57 of 58 cases of cardiac asthma by use of morphine alone • 
. Subcutaneous administration of 10 to 30 mg. (1/6 to 1/2 gram) at the earliest 
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187, 203, 213 187 
possible moment is indicated. Stroud counsels caution in 
the use of morphine in acute pulmonary edema since too large a dose may 
depress the respiratory center and prevent adequate elimination of serous 
171 fluid by inadequate cough reflex with fatal results. Sabathe, however, 
used 10 to 20 mg. of morphine intravenously in 50 patients ~th acute pul-
monary edema and got a favorable response in two to five minutes, in most 
cases patients recovered within ten minutes. Auxiliary measures included 
peripheral venostasis and other medication but no venesection. It is be-
lieved that m~rphine acts by depressing the respiratory center and allaying 
anxiety and restlessness. Weiss and Robb203 add that it produces vasodila-
tion as well which aids in reducing the work of the left heart. Its effect 
on the bronchial musculature is not definitely known; some authorities203 
claim it relaxes the bronchial musculature, others67 that it induces con-
145 
traction of these muscles. Palmer and White favor a diagnosis of 
bronchial asthma it the dyspneic paroxysm is not relieved by morphine. 
187 203 Stroud and Weiss and Robb suggest the use of 1 to 4 mg. 
of nitroglycerine, applied under the tongue, especially in extreme hyper-
tension. It aids by decreasing peripheral resistance and by dilatation 
of the coronary arteries with resulting improvement in coronary blood flow. 
Epinephrine is of aid particularly in those attacks in which 
wheezing respiration predominates. Five to 30 minims of ltlOOO solution 
given subcutaneously aid by dilating bronchial musculature187 and perhaps 
the coronary vessels~03 Although not contra-indicated, epinephrine must 
203 
be used cautiously in cases of arterial hypertension. Weiss and Robb 
found a paradoxical fall in blood pressure in such cases following its 
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administration; therefore they believed its use is contraindicated only 
in acute coronary thrombosis and angina pectoris. 
Aminophylline (theophylline with ethylenediamine) is a very useful 
drug in cardiac asthma, having several beneficial effects. It reduces 
venous pressure due to a rise in cardiac output resulting from its stim.u-
99, 130 lating action on the myocardium, it relaxes the h . ul 22 bronc 1al muse ature; 
it dil t th t . 181 
22, 23, 
may a e e coronary ar er1es although Boyer and his associates 
hold that the increase in coronary flow is probably secondary to increased 
myocardial activity. Like the other xanthines, it has diuretic activity67 
which aids in reducing edema of the lungs even in the absence of peripheral 
63, 140 
edema. It should be given intravenously in a dose 0.5 gm. It must be 
182 injected slowly, diluted in 10 co. of sterile distilled water. Because 
16, 141, 160 
of these many beneficial actions, it is widely used although 
137 
occasionally the literature records a fatality following its use. 
In severe attacks, intravenous digitalis therapy is indicated 
provided that the patient has received no digitalis or related substances 
187 for the past two weeks. Acute coronary thrombosis contraindioates use 
of this agent. A single dose of any properly standardized digitalis body 
preparation may be injected intra-venously slowly: ouabain, 0.3 to 0.5 mg.; 
187 
amorphous strophanthin, 10 mg.; digitoxin, 0.7 to 1 mg. The action of 
the digitalis substances is to increase the efficiency of ventricular systole, 
203 probably by direct action on the myocardium. Weiss and Robb noted that 
digitalis can re-establish normal pressure relationships in the pulmonary 
circuit in patients with pulmonary congestion even in the absence of peripheral 
venous congestion. 
24 
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Oxygen is indicated it the attack continues, particularly if 
acute pulmonary edema persists. If an oxygen mask, tent or chamber is 
not available, a nasal catheter may be used. Barach et a19 and Segal175 
found that use of a helium and oxygen mixture under positive pressure was 
effective in the treatment of acute pulmonary edema, especially when this 
condition was associated with bronchospasm. In addition to increasing 
alveolar oxygen pressure in oases of pulmonary edema wherein gaseous ex-
change may be severely compromised, the positive pressure opposes the 
transudation of serum into the alveolar spaces. 
Other drugs are suggested for treatment of cardiac asthma. 
Atropine sulfate, 0.4 to 0.6 mg. subcutaneously, usually given with morphine, 
is useful in decreasing bronchial secretions and relieving bronchial spasm. 
Large doses are contraindicated because of the danger ot further stimulating 
the respiratory center. Glucose (50-100 co. of 5o% solution) given slowly 
intravenously is believed to reduce tissue edema fluid and aid diuresis 
as well as to improve the nutrition of the myocardium. Ethyl alcohol, 
Palmer and White145 reported, was used by fourteen patients as a first aid 
measure with twelve reporting some relief. 
In summary, prompt and energetic treatment utilizing morphine, 
aminophylline and venostasis or venesection will usually give relief from 
the average attack of cardiac asthma. If the attack continues, oxygen 
therapy may be instituted. Rapid digitilization may be employed if cardiac 
failure, previously unsuspected, was untreated. Just as in the precipitation of 
an attack with ventricular imbalance developing suddenly, energetic and prompt 
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therapy by re-establishing ventricular balance and eliminating acute 
pulmonary engorgement can improve the clinical condition with surprising 
rapidity. 
B. Prophylaxis : 
Preventive therapy between attacks utilizes measures which aim 
to improve the reserve of the left ventricle and relieve chronic pulmonary 
engorgement and thereb,y prevent future attacks. A regimen of rest, drug 
therapy, restriction of fluids and dietary measures similar to that required 
in congestive failure should be instituted. 
The problem of rest for cardiac patients is not a simple one. 
187 Stroud suggests rest in bed for from two to six weeks as essential for 
the restoration of myocardial reserve. Yet in the absence of acute coronary 
. 200 . 80 117 thrombosis or similar cardiac catastrophies, WeJ.Ss, Harr1.son and Levine · 
have pointed out that the abuse of rest as a therapeutic measure for patients 
with eardiovascular disease leads to several undesirable results. Recumbency 
may encourage venous return and so increase the work of the heart. Having 
the patient propped up with pillows may be less desirable than restricted 
activity in the upright position because bed-rest may only convert the 
ankle edema to sacral edema. . 152 Perera and Berliner's work has shown that 
hemodilution and increased blood volume result from recumbency. Elderly 
men with urinary retention are more prone to accentuate their difficulty 
if prolonged stay in bed is enforced; catheterization becomes necessary 
with a good possibility of genito-urinary infection resulting and complicating 
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the cardiovascular disease. In addition to the psychological trauma associ-
ated with the realization that he is a bed-ridden invalid. the patient is 
more prone to develop hypostatic pneumonia. thrombophlebitis and pulmonary 
200 
embolism with prolonged recumbency. Weiss points out that the ischemic 
myocardium tends to adapt itself to the minimal essential work so that 
with bed rest and in the absence of customary work there is a reduction 
of cardiac reserve. These patients may show dyspnea with even slight exer-
tion upon leaving the bed. ln some patients only after gradual institution 
of exercise does the heart acquire its former functional capacity. This 
paradoxical cardiac failure is most often noted in the aged after prolonged 
bed rest. In view of these findings it is advisable to consider each patient 
individually. In the face of det1nite indications including failure to 
respond t? adequate treatment for congestive failure, the patient's activity 
may be restricted and a regimen of prolonged bed rest instituted. 
In any event, nocturnal slumber should be free of disturbing 
influences to avoid precipitating an attack and to permit the patient the 
fullest advantage of untroubled sleep. Elevation of the head and trunk 
with pillows and a back rest and use of a thigh rest may help prevent the 
patient from slipping down during sleep. In order to prevent an attack of 
217 
trepopnea, Wood and Wolfarth suggest that the patient wear a fairly 
~ 
snug woolen undershirt with large wooden spools sewn to the side to be 
avoided. The atmosphere in the patient's bedroom must be checked for ex-
tremes of temperature and humidit,y which may precipitate bronchial spasm 
or attacks of paroxysmal nocturnal dyspnea. 
Full utilization of the nocturnal rest should be insured by control 
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of cough b,y codeine, since a cough not only disturbs sleep but may precipi-
tate an attack of cardiac asthma. It the patient is fretful or apprehensive, 
the administration of sedatives is indicated. That preparation giving 
the patient the most restful sleep without dreams should be determined by 
trial; the barbiturates, bromides or chloral hydrate may be used in an 
effort to find the sedative best suited to the individual patient. In 
cases wherein severe attacks recur with regularit,y, the administration 
ot morphine at regular intervals under close supervision of the physician 
is justified. 
The patient should be instructed to empty his bladder and bowel 
before retiring as well as to avoid fluids after the evening meal in an 
effort to keep visceral reflex stimulation of the respiratory center at 
a minimum. Restriction of physical activity during the day~ avoidance of 
excitement and emotional upsets will also aid in control of a paroxysmal 
qyspneic diathesis. Whiskey or brandy {30 to 60 co.) shortly before retiring 
aids same patients by inducing sleep more rapidly. 
Adequate digitAlization should be maintained since it aids in 
normalizing pulmonary hemodynamics even in the absence of peripheral venous 
166 
congestion. ln addition, other therapeutic measuresshould be employed 
where indicated: vasodilators for coronary insufficiency, nitrites for 
hypertension, venesection for plethoric patients. 
Restriction of fluids and administration of diuretics are important 
therapeutic measures even in the absence of obvious peripheral edema. 
Glucose (50-100 co. of So% solution) may aid by improving myocardial nutrition 
in addition to improving diuresis~03 The mercurial diuretics are more rapid 
in action and more potent than the xanthine derivatives. Salyrgan and 
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mercuprin are relatively nontoxic. Some clini·cians claim a greater diuresis 
from mercuprin attributing the difference to the complemental 5% ot theophyllin 
in mercuprin. In addition, mercuprin can be given intramuscularly and 
intravenously. The action ot the mercurial diuretics may be augmented 
b.y the administration of the acid-forming salts such as ammonium chloride 
or ammonium nitrate in a dosage of 6-10 gms. daily tor two or three days 
prior to and during the use of the mercurial preparation. Gastro-intest~al 
upset may limit use ot these salts in oases not responding to the mercurial 
preparation alone. 
In addition to curtailing fluid· intake, especially after the 
evening meal, the diet should consist of simple, easily digestible foods. 
An abundance of carbohydrate is desirable, being readily assimilable and 
' 
productive of energy. It tile protein, especially the albumin, traction 
. of' the blood 1-s low, the patient should be placed on a high protein diet, 
since reduced plasma protein predisposes to the development of' pulmonary 
203 
edema fluid. Weiss and Robb testified to the marked improvement following 
high protein intake. While salt intake should be limited to avoid deposition 
ot tissue edema fluid, the patient must be studied as an individual in an 
effort to reach electrolyte balance, taking into account those factors which 
may complicate the picture. 
The key to successful control of' the patient with lett ventricular 
failure is management between attacks. Seemingly petty details must be 
reckoned with: upper respiratory infections, excessive bed clothing, obesity 
and cough. Unpleasant dreams and mental stress may also precipitate attacksJ 
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204 r''\J.,. 
Weiss and Robb hold that therapy is an important therapeutic measure. 
These factors may not be directly responsible tor the underlying pathology, 
but by their ability to aggravate lett ventricular weakness and pulmonary 
congestio~y induce an attack. 
It after prompt and adequate treatment paroxysmal cardiac dyspnea 
. with asthmatic breathing persists, then an extensive allergiv investigation 
including a detailed personal and family history, a careful physical exami-
nation for foci ot infection, and skin tests should be undertaken. Finally, 
care must be exercised in advising procedures ordinarily considered harmless. 
145 Palmer and White report the death of a patient following an extraction 
of teeth. 
In the control of cardiac asthma physical and chemical as well as 
emotional and reflex factors must be considered. Skillful management can 
bring prompt relief in the acute attack and at times save the patient's 
life. or equal importance is the realization that since this syndrome 
depends on functional changes it may occur early in heart failure; therefore, 
proper management of the patient can prolong life considerably, especially 
if the significance of the clinical equivalents of cardiac asthma are appreci-
187 
ated and treatment started early before actual failure develops. Stroud's 
dictums "The better the treatment, the better the prognosis," may be ~tered 
to an equally valid proposition; the earlier the treatment, the better the 
prognosis. 
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VIII. SUMMARY AND CONCLUSION 
"Paroxysmal dyspnea in patients with heart 
disease is of both practical and theoretical 
importance. The attacks often disable and 
endanger the life of patients with an other-
wise apparently good state of the circulation. 
Unlike other types of cardiac dyspnea, it 
frequently occurs without exertion and without 
longstanding severe physical or chemical de-
rangement of the circulation. Although its 
importance has been emphasized from time to 
time, the condition, on the whole, is obscure. 
Most of the available infor.mation centers 
on the clinical description of attacks and 
on statistical data relating to the nature 
of heart disease underlying them. The ex-
planation of the sequence of events leading 
to the attack, as well as the circulatory 
state before and during the paroxysm, is 
based on inferences from clinical symptoms 
and signs and on postmortem observations. 
The more precise study of the condition is 
difficult; for it cannot be reproduced in 
animals; moreover, in man it usually occurs 
at night, unexpec~atly, and is of relatively 
short duration." 
In spite of these difficulties, Weiss and Robb were able by olin-
ical and laboratory studies to decrease the obscurity of this condition 
and appreciate that cardiac asthma is not an isolated symptom but that 
it is intimately associated with ·the syndrome of left ventricular failure. 
"On the basis of the joint clinical and lab-
ora to~ evidence, one can definitely state 
that the syndrome of acute or subacute left 
ventricular failur9; suggested and discarded 
by a number of clinicians during the past 
century, exists and plays a fundamental role 
in a large group of patients with heart dis-
ease. The syndrome is characterized by rel-
ative or absolute insufficiency of the left 
coronary circulation, such as c~iefly exists 
in arterial hypertension, coronary sclerosis 
and thrombosis, and in syphilitic aortitis. 
"' 
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It is accompanied by a tendency to proto-
diastolic gallop rhythm, electrocardiographic 
evidence of left ventricular preponderance 
and changes in S-T complexes indicating 
coronary and myocardial disease. Buntlle 
branch block occurs in an appreciable per-
centage of the oases. Clinically there is 
also evidence of emphysema of the lungs 
with orthopnea and often with accentuation 
of the pulmonic second sound. During sleep, 
Cheyne-Stokes breathing is often present. 
Roentgen examination of the lungs reveals 
an enlarged hilar shadow with fanning out 
towards the periphery, the result of pul-
monary congestion. The pulsatile expansion, 
as observed by fluoroscopy, of the left 
ventricle is relatively small, whereas the 
right ventricular activity is normal or 
increased. Notwithstanding the marked dis-
ability of the patient, as shown by dyspnea 
and orthopnea, the failure of the peripheral 
circulation, as evidenced by the lack of 
engorged veins, the absence of palpable liver, 
and peripheral edema, is slight or completely 
absent. Depending on the degree and rapidity 
of the failure of the left ventricle, and 
on the state of the right ventricle, these 204 
clinical manifestations show much variation." 
This· summary of left ventricular failure reaffirms the position 
97 
taken by Hope more than one hundred years before. 
"As an obstacle to the circulation operates 
on the heart in a retrograde direction, the 
cavity immediately behind it is the first 
to suffer from its influence. Accordingly 
all the impediments seated in the aorta, 
its mouth, or the arterial system, act pri-
marily on the left ventricle, which being 
likewise exposed to the heaviest burden 
when the circulation is accelerated, has 
to conflict against a greater variety of 
exciting causes of hypertrophy, than any 
other cavity of the heart. On this accoUnt, 
therefore, as well as from the thickness 
of its parieties, it is subject to hyper-
trophy in a greater degree than any other. 
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"so long as the left ventricle is capable 
of propelling its contents, the corresponding 
auricle, being protected by its valve remains 
secure. Hence, in a great majority of cases, 
the auricle is perfectly exempt from disease, 
while the ventricle i~ even enormously thickened 
and dilated. But when the distending pressure 
of the blood preponderates over the power of 
the ventricle, its contents, from not being 
duly expelled, constitute an obstacle to the 
transmission of the auricular blood. Hence 
the auricle becomes overdistended, and the 
obstruction may be propagated backwards through 
the lungs to the heart, and there occasion 
the same series of phenomena ••• 
~The primary effect of universal obstruction 
of the lungs by engorgement, is, to produce 
edema of their cellular tissue and dyspnea; 
whether the latter depends solely on the en-
gorgement or partly also on spasm of the 
bronchi excited by the irritation of that 
congestion, is difficult positively to deter-
mine, though the latter is highly probable • 
••• The secondary effect is, to gorge the 
right side of the heart, and thus impede 
the return of the venous blood from the sys-
tem at large; which cooperates with the in-
creased energy of the arterial circulation 
in producing anasarca." 
By reemphasizing the significance of this condition, Weiss and 
Robb did more than rescue Hope's concept from the neglect of the intervening 
years; they exposed deficiencies in our knowledge of the related field of 
pulmonary hemodynamics and thereby stimulated further work. A valuable 
new technique resulting from investigation of this important field is that 
18 
of cardiac catheterization. 
hemodynamics remains. 
A notable hiatus in our knowledge of pulmonary 
130 
MCMichael, who has studied circulatory failure 
extensively with the aid of cardiac catheterization, comparing previous 
work to his own, states: " ••• Both sets of observations (leave) an obvious 
gap in information, namely the changes in pulmonary venous pressure." 
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"The new technic has already thro~n consider-
able light on some of the many perplexing 
questions having to do with cardiac failure 
and the pathogenesis of such related phenomena 
as pulmonary edema and paroxysmal nocturnal 
dyspnea. Before these events can be completely 
understood some means of measuring pressures 
in the left atrium and in the venous portion 
of the pulmonary circuit must be developed.n 
In spite of these limitations, utilization of this new technique 
is yielding significant contributions at present; perhaps more irr.portant 
is the promise it holds for the future. The editorial continues: 
" ••• Even without such means, etiologic 
understanding and genuinely rational therapy 
are being furthered by those engaged in 
studying pulmonary arterial pressures. 
••The entire field is one of great promise 
and is still another example of the benefit 
that accrues to medieal science when investi-
gators avail themselves of sound existing 
knowledge and develop imaginetive technics, 
whether morphologic or functional. It is 
still another example of a basic research 
endeavor that has • in a relatively short 
time, proved to possess great practical 
significance." 
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Grade 
96 
This paper constitutes a distinguished review of the available 
literature on thie subject. It is well organized and well written. 
\ihile covere~e of the literature is very extensive, tLe selection 
of papers for full discussion is extremely wise. The author is 
properly reluctant to draw many conclusions and marshals most 
·adequate support for the few statements he is willing to make. 
The deficiencies in this paper are inherent in the subject and 
cannot be ascribed either bo the author, nor to the men from whom 
he quotes. Ce.rdiac asthma is primarily a functional state occurring 
during the course of passive pulmonary congestion. For this 
reason, while it can be characterized by the pathological studies 
which are available, a f·;,ll description awal ts physiologice~ 
st,;:_dies which have not yet been written. Techniques for such 
investigations are only nmv becoming available. Even the problem 
of broncho-spasm, and 1o1hether or not, and under whe.t conditions it 
actually occurs remains to be solved, not only in cardiac asthma, but 
in bronchial asthma as well. The author shows excellent judgement in 
stressing the few available papers which take the physiological approach. 
The author has taken a most difficult subject, one whose very 
definition varies from author to author, and has written a clear, 
well-rounded and straight-forward review of all its 8.spects from 
the historical to the therapeutic. 
I was somewhat disappointed that the author di6 not comment on the 
absence of this syndrome in many pa.tients in whom the set-up as 
postulated by the literature is present. Fuller comment on the 
presence of emphysema in the majority of patients with this 
syndrome and the possible role of combined pulmonary and CE~diac 
pathology would have been worthwhile. However, with the limitations 
on his time, the author was perhaps wise to limit himself mainly 
to the cardiac factors involved. 
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